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PROCESSES FOR ENZYMATIC REFINING
OF PRETREATED CELLULOSIC MATERIAL
FOR SACCHARIFICATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a 35 U.S.C. 371 national application of
PCT/US2012/023217 filed Jan. 31, 2012 which claims pri-
ority or the benefit under 35 U.S.C. 119 of U.S. provisional
application No. 61/438,242 filed Jan. 31, 2011 the contents
of which are fully incorporated herein by reference.

REFERENCE TO A SEQUENCE LISTING

This application contains a Sequence Listing in computer
readable form. The computer readable form is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to processes for enzymatic
refining of a pretreated cellulosic material using one or more
esterase enzymes. The refined pretreated cellulosic material
is suitable for saccharification.

2. Description of the Related Art

Cellulose is a polymer of the simple sugar glucose cova-
lently linked by beta-1,4-bonds. Many microorganisms pro-
duce enzymes that hydrolyze beta-linked glucans. These
enzymes include endoglucanases, cellobiohydrolases, and
beta-glucosidases. Endoglucanases digest the cellulose
polymer at random locations, opening it to attack by cello-
biohydrolases. Cellobiohydrolases sequentially release mol-
ecules of cellobiose from the ends of the cellulose polymer.
Cellobiose is a water-soluble beta-1,4-linked dimer of glu-
cose. Beta-glucosidases hydrolyze cellobiose to glucose.

The conversion of lignocellulosic feedstocks into ethanol
has the advantages of the ready availability of large amounts
of feedstock, the desirability of avoiding burning or land
filling the materials, and the cleanliness of the ethanol fuel.
Wood, agricultural residues, herbaceous crops, and munici-
pal solid wastes have been considered as feedstocks for
ethanol production. These materials primarily consist of
cellulose, hemicellulose, and lignin. Once the lignocellulose
is converted to fermentable sugars, e.g., glucose, the fer-
mentable sugars are easily fermented by yeast into ethanol.
The sugars can also be catalytically converted or fermented
to other chemicals besides ethanol.

The conversion of lignocellulosic feedstocks into sugars,
typically, involves pretreatment of the cellulosic materials,
followed by their enzymatic hydrolysis, prior to the conver-
sion of the sugars into fermentation products or catalytically
converted products. The pretreatments disrupt the lignocel-
Iulosic material, so enzymatic hydrolysis can take place
efficiently.

However, pretreatment of cellulosic materials can pro-
duce impurities in the pretreated cellulosic materials having
a deleterious effect on cellulase enzymes and/or decreases or
inhibits enzymatic hydrolysis and/or saccharification.

It would be advantageous to the art to be able to improve
the pretreated cellulosic material for saccharification. For
example, it would be advantageous in the art to improve the
enzymatic hydrolysis performance of pretreated cellulosic
material such as biomass including corn stover, wood chips,
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switch grass, etc by reducing, eliminating or removing
impurities such as esters that have a deleterious effect on the
cellulase enzymes.

Prior art of interest includes WO 2009/042622 A2 which
discloses a process for producing fermentation product from
wood-containing material, wherein the process includes the
steps of 1) pre-treating wood-containing material; ii) hydro-
lyzing by subjecting the pre-treated wood-containing mate-
rial to one or more cellulolytic enzymes; iii) fermenting
using a fermenting organism, wherein the wood-containing
material is subjected to one or more esterases before and/or
during pre-treatment in step i) and/or hydrolysis in step ii)
and/or fermentation in step iii).

The present invention relates to processes for enzymati-
cally assisted refining of a pretreated cellulosic material for
saccharification.

SUMMARY OF THE INVENTION

The present invention relates to a process for enzymatic
refining of a pretreated cellulosic material, including: (a)
contacting the pretreated cellulosic material with an esterase
enzyme and/or esterase enzyme composition to form a
refined pretreated cellulosic material.

The present invention also relates to a process for enzy-
matic refining of a pretreated cellulosic material, including:

(a) processing the pretreated cellulosic material to form a
solid/liquid mixture of pretreated cellulosic material;

(b) separating a liquor from the solid/liquid mixture of
pretreated cellulosic material; and

(c) treating the liquor with feruloyl esterase. In embodi-
ments, the esterase or feruloyl esterase reduces and/or elimi-
nates toxic esters that inhibit hydrolysis of pretreated cellu-
losic materials.

In one as aspect, the processes of the present disclosure
include an enzyme and/or enzyme composition including
one or more (several) enzymes selected from the group
consisting of an esterase and feruloyl esterase. Non-limiting
examples of suitable feruloyl esterase for use in accordance
with the present disclosure include enzymes having an
amino acid with at least 70%, 80%, 90%, 95%, 96%, 97%,
98%, 99% sequence identity to the mature polypeptide of
SEQ ID NOS: 133, 134, 135, 136 and 137 or fragments
thereof with feruloyl esterase activity, alone or in combina-
tion.

In one aspect, the processes above further include recov-
ering the refined pretreated cellulosic material.

In one aspect, the processes above further include sepa-
rating liquor from the pretreated cellulosic material.

In one aspect, the processes above further include con-
tacting the liquor with feruloyl esterase and recycling the
liquor so that it is contacted with cellulosic material, pre-
treated cellulosic material and/or refined pretreated cellu-
losic material.

In one aspect, the processes above further include recy-
cling the liquor to a new pretreatment of a pretreated
cellulosic material with the enzyme composition.

In one aspect, the processes above further include post-
treating the refined pretreated cellulosic material with an
enzymatic pre-treatment, chemical pre-treatment, mechani-
cal pre-treatment and/or a physical pretreatment.

One aspect of the present disclosure relates to a process
for hydrolyzing a pretreated cellulosic material, including
saccharifying a pretreated cellulosic material treated and
refined according to the present disclosure. In embodiments,
the process includes recovering the saccharified pretreated
cellulosic material from the saccharification. In embodi-
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ments, the saccharified cellulosic material is a sugar such as
glucose, xylose, mannose, galactose, and arabinose.

One aspect of the present disclosure relates to a process
for producing a fermentation product, including:

(a) saccharifying a pretreated cellulosic material with an
enzyme composition suitable for saccharification, wherein
the pretreated cellulosic material is contacted or treated
according to the present disclosure with an enzyme includ-
ing esterase and/or feruloyl esterase;

(b) fermenting the saccharified pretreated cellulosic mate-
rial with one or more (several) fermenting microorganisms
to produce the fermentation product; and

(c) recovering the fermentation product from the fermen-
tation. In embodiments, the esterase includes one or more
(several) enzymes selected from the group consisting of an
esterase and feruloyl esterase in accordance with the present
disclosure. In embodiments, the esterase comprises or, con-
sists of an amino acid with at least 70%, 80%, 90%, 95%,
96%, 97%, 98%, 99% sequence identity to the mature
polypeptide of SEQ ID NOS: 133, 134, 135, 136 and 137,
alone or in combination, or fragments thereof with esterase
activity. In embodiments, the esterase comprises or consists
of the mature polypeptide from the amino acid of SEQ ID.
NO: 133, SEQ ID NO: 134, SEQ ID NO: 135, SEQ ID NO:
136 or SEQ ID NO: 137 or fragments thereof having enzyme
activity such as esterase activity. In embodiments the
enzyme is selected from the group consisting of FAE(1),
FAE-A, FAE-C, and FAE-D or fragments thereof having
enzyme activity. In embodiments, the steps (a) (saccharify-
ing a pretreated cellulosic material with an enzyme compo-
sition, wherein the pretreated cellulosic material is contacted
or treated according to the present disclosure with esterase
and/or feruloyl esterase) and (b) (fermenting the saccharified
pretreated cellulosic material with one or more (several)
fermenting microorganisms to produce the fermentation
product) are performed simultaneously in a simultaneous
saccharification and fermentation. In embodiments, the fer-
mentation product is an alcohol, an organic acid, a ketone,
an amino acid, an alkane, a cycloalkane, an alkene, or a gas.
Suitable enzymes/enzyme compositions for saccharification
include one or more (several) enzymes selected from the
group consisting of a cellulase, a GH61 polypeptide having
cellulolytic enhancing activity, a hemicellulase, an expansin,
an esterase, a laccase, a ligninolytic enzyme, a pectinase, a
peroxidase, a protease, and a swollenin. In embodiments, the
cellulase is one or more (several) enzymes selected from the
group consisting of an endoglucanase, a cellobiohydrolase,
and a beta-glucosidase. In embodiments, the hemicellulase
is one or more (several) enzymes selected from the group
consisting of a xylanase, an acetyxylan esterase, a feruloyl
esterase, an arabinofuranosidase, a xylosidase, a beta-xylo-
sidase and a glucuronidase.

Another aspect of the present disclosure relates to a
process for fermenting a pretreated cellulosic material,
including: fermenting a pretreated cellulosic material with
one or more (several) fermenting microorganisms, wherein
the pretreated cellulosic material is treated, refined, and/or
saccharified according to the present disclosure with esterase
and/or feruloyl esterase or a composition thereof. In embodi-
ments, the fermenting of the pretreated cellulosic material
produces a fermentation product. In embodiments, the step
of recovering the fermentation product from the fermenta-
tion is included. In embodiments, fermentation product is an
alcohol, an organic acid, a ketone, an amino acid, an alkane,
a cycloalkane, an alkene, or a gas.

In an embodiment, the pretreated cellulosic material is a
non-woody substrate.

5

10

20

25

30

40

45

50

55

60

65

4

The present disclosure relates to a process for enzymatic
refining of a pretreated cellulosic material, comprising or
consisting of: (a) contacting the pretreated cellulosic mate-
rial with one or more esterase enzymes to form a refined
pretreated cellulosic material. In embodiments, the one or
more esterase comprises or consists of one or more (several)
enzymes selected from the group consisting of an esterase
and feruloyl esterase. In embodiments, the esterase com-
prises or consists of an amino acid sequence having at least
70%, 80%, 90%, 95%, 96%, 97%, 98%, 99% sequence
identity to the mature polypeptide of SEQ ID NO: 133, SEQ
ID NO: 134, SEQ ID NO: 135, SEQ ID NO: 136 or SEQ ID
NO: 137, or fragments thereof with feruloyl esterase activ-
ity. In embodiments, the esterase comprises or consists of
SEQ ID. NO: 133, SEQ ID NO: 134, SEQ ID NO: 135, SEQ
ID NO: 136 or SEQ ID NO: 137 or the mature polypeptide
thereof. In embodiments, the feruloyl esterase is one or more
(several) enzymes selected from the group consisting of
FAE(1), FAE-A, FAE-C, and FAE-D. In embodiments, the
process comprises or consists of recovering the refined
pretreated cellulosic material. In embodiments, the process
comprises separating a liquor from the pretreated cellulosic
material. In embodiments, the process comprises contacting
the liquor with feruloyl esterase and recycling the liquor so
that it is contacted with pretreated cellulosic material or
refined pretreated cellulosic material. In embodiments, the
process comprises recycling the liquor to a new pretreatment
of a pretreated cellulosic material with the esterase compo-
sition. In embodiments, the process comprises post-treating
the refined pretreated cellulosic material with an enzymatic
pre-treatment, chemical pre-treatment, mechanical pre-treat-
ment and/or a physical pretreatment. In embodiments, the
process comprises recovering the refined pretreated cellu-
losic material. In embodiments, the contacting with the
esterase is performed with about 0.0005 to about 5 mg, e.g.,
about 0.001 to about 5 mg, about 0.0025 to about 5 mg,
about 0.005 to about 5 mg, about 0.005 to about 4.5 mg,
about 0.005 to about 4 mg, about 0.005 to about 3.5 mg,
about 0.005 to about 3 mg, about 0.005 to about 2 mg, about
0.005 to about 1 mg, about 0.075 to about 1 mg, or about 0.1
to about 1 mg of esterase per g of pretreated cellulosic
material. In embodiments, the contacting with esterase is
performed with a total solids (TS) of about 1% to about 50%,
e.g., about 2% to about 40%, about 2% to about 35%, about
3% to about 30%, about 3% to about 25%, about 4% to about
20%, or about 5% to about 10%. In embodiments, the
contacting with esterase is performed at a pH of about 2 to
about 9, e.g., about 3 to about 7.5, about 3.5 to about 7, about
4 to about 6.5, about 4.5 to about 6.5, about 4.5 to about 6.0,
about 5 and about 6.0, or about 5 to about 5.5. In embodi-
ments, the contacting is performed at a temperature in the
range of about 20° C. to about 70° C., e.g., about 25° C. to
about 65° C., about 30° C. to about 65° C., about 35° C. to
about 65° C., about 40° C. to about 60° C., about 45° C. to
about 55° C., or about 45° C. to about 50° C. In embodi-
ments, the contacting with esterase is performed for a period
of time of 5 minutes to 35 hours, e.g., 10 minutes to 15
hours, 10 hours to 15 hours, 10 hours to 20 hours, 10 hours
to 20 hours, 20 hours to 24 hours, 24 hours to 30 hours, 1
hour to 72 hours.

The present disclosure relates to a process for enzymatic
refining of a pretreated cellulosic material, comprising: (a)
processing the pretreated cellulosic material to form a solid/
liquid mixture of pretreated cellulosic material; (b) separat-
ing a liquor from the solid/liquid mixture of pretreated
cellulosic material; and (c) treating the liquor with a feruloyl
esterase treatment. In embodiments, the process comprises
returning the treated liquor to the pretreated cellulosic
material. In embodiments, the process comprises treating
with feruloyl esterase performed with about 0.0005 to about
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5 mg, e.g., about 0.001 to about 5 mg, about 0.0025 to about
5 mg, about 0.005 to about 5 mg, about 0.005 to about 4.5
mg, about 0.005 to about 4 mg, about 0.005 to about 3.5 mg,
about 0.005 to about 3 mg, about 0.005 to about 2 mg, about
0.005 to about 1 mg, about 0.075 to about 1 mg, or about 0.1
to about 1 mg of esterase per mL of liquor. In embodiments,
the treating with feruloyl esterase is performed with a total
solids (TS) of about 1% to about 50%, e.g., about 2% to
about 40%, about 2% to about 35%, about 3% to about 30%,
about 3% to about 25%, about 4% to about 20%, or about
5% to about 10%. In embodiments, the treating with feruloyl
esterase is performed at a pH of about 2 to about 9, e.g.,
about 3 to about 7.5, about 3.5 to about 7, about 4 to about
6.5, about 4.5 to about 6.5, about 4.5 to about 6.0, about 5
and about 6.0, or about 5 to about 5.5. In embodiments, the
treating with feruloyl esterase is performed at a temperature
in the range of about 20° C. to about 70° C., e.g., about 25°
C. to about 65° C., about 30° C. to about 65° C., about 35°
C. to about 65° C., about 40° C. to about 60° C., about 45°
C. to about 55° C., or about 45° C. to about 50° C. In
embodiments, the treating with feruloyl esterase is per-
formed for a period of time of 5 minutes to 35 hours, e.g.,
10 minutes to 15 hours, 10 hours to 15 hours, 10 hours to 20
hours, 10 hours to 20 hours, 20 hours to 24 hours, 24 hours
to 30 hours, 1 hour to 72 hours.

The present disclosure further relates to a process for
hydrolyzing a pretreated cellulosic material, comprising
saccharifying a pretreated cellulosic material treated and
refined with an esterase as described herein with an enzyme
composition. In embodiments, the process includes esterase
comprising or consisting of one or more (several) enzymes
selected from the group consisting of an esterase and feru-
loyl esterase. In embodiments, the esterase comprises or
consists of an amino acid sequence having at least 70%,
80%, 90%, 95%, 96%, 97%, 98%, 99% sequence identity to
the mature polypeptide of SEQ ID NO: 133, SEQ ID NO:
134, SEQ ID NO: 135, SEQ ID NO: 136, SEQ ID NO: 137
or fragments thereof with feruloyl esterase activity. In
embodiments, the esterase comprises or consists of SEQ ID.
NO: 133, SEQ ID NO: 134, SEQ ID NO: 135, SEQ ID NO:
136, SEQ ID NO: 137 or the mature polypeptide thereof. In
embodiments, the feruloyl esterase is one or more (several)
enzymes selected from the group consisting of FAE(1),
FAE-A, FAE-C, and FAE-D. In embodiments, the enzyme
composition comprises one or more (several) enzymes
selected from the group consisting of a cellulase, a GH61
polypeptide having cellulolytic enhancing activity, a hemi-
cellulase, an expansin, an esterase, a laccase, a ligninolytic
enzyme, a pectinase, a peroxidase, a protease, and a swol-
lenin. In embodiments, the cellulase is one or more (several)
enzymes selected from the group consisting of an endoglu-
canase, a cellobiohydrolase, and a beta-glucosidase. In
embodiments, the hemicellulase is one or more (several)
enzymes selected from the group consisting of a xylanase,
an acetyxylan esterase, a feruloyl esterase, an arabinofura-
nosidase, a xylosidase, and a glucuronidase. In embodi-
ments, the process comprises recovering the saccharified
pretreated cellulosic material from the saccharification. In
embodiments, the saccharified cellulosic material is a sugar.
In embodiments, the sugar is selected from the group
consisting of glucose, xylose, mannose, galactose, and ara-
binose.

The present disclosure relates to a process for producing
a fermentation product, comprising or consisting of: (a)
saccharifying a pretreated cellulosic material with an
enzyme composition, wherein the pretreated cellulosic
material is contacted or treated with an esterase according to
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the present disclosure; (b) fermenting the saccharified pre-
treated cellulosic material with one or more (several) fer-
menting microorganisms to produce the fermentation prod-
uct; and (c) recovering the fermentation product from the
fermentation. In embodiments, the esterase comprises or
consists of one or more (several) enzymes selected from the
group consisting of an esterase and feruloyl esterase. In
embodiments, the esterase composition comprises or con-
sists of an amino acid sequence having at least 70%, 80%,
90%, 95%, 96%, 97%, 98%, 99% sequence identity to the
mature polypeptide of SEQ ID NO: 133, SEQ ID NO: 134,
SEQ ID NO: 135, SEQ ID NO: 136, SEQ ID NO: 137 or
fragments thereof with feruloyl esterase activity. In embodi-
ments, the esterase composition consists of SEQ ID NO:
133, SEQ ID. NO: 134, SEQ ID NO: 135, SEQ ID NO: 136
or SEQ ID NO: 137 or the mature polypeptide thereof. In
embodiments, the feruloyl esterase is one or more (several)
enzymes selected from the group consisting of FAE(1),
FAE-A, FAE-C, and FAE-D. In embodiments, the feruloyl
esterase is FAE(1). In embodiments, the feruloyl esterase is
FAE-A. In embodiments, the feruloyl esterase is FAE-C. In
embodiments, the feruloyl esterase FAE-D. In embodiments,
the enzyme composition comprises one or more (several)
enzymes selected from the group consisting of a cellulase, a
GH61 polypeptide having cellulolytic enhancing activity, a
hemicellulase, an expansin, an esterase, a laccase, a ligni-
nolytic enzyme, a pectinase, a peroxidase, a protease, and a
swollenin. In embodiments, the cellulase is one or more
(several) enzymes selected from the group consisting of an
endoglucanase, a cellobiohydrolase, and a beta-glucosidase.
In embodiments, the hemicellulase is one or more (several)
enzymes selected from the group consisting of a xylanase,
an acetyxylan esterase, a feruloyl esterase, an arabinofura-
nosidase, a xylosidase, and a glucuronidase. In embodi-
ments, the steps (a) and (b) are performed simultaneously in
a simultaneous saccharification and fermentation. In
embodiment, the fermentation product is an alcohol, an
organic acid, a ketone, an amino acid, an alkane, a cycloal-
kane, an alkene, or a gas.

The present disclosure relates to a process for fermenting
a pretreated cellulosic material, comprising: fermenting a
pretreated cellulosic material with one or more (several)
fermenting microorganisms, wherein the pretreated cellu-
losic material is treated, refined, and/or saccharified in
accordance with the present disclosure. In embodiments, the
fermenting of the pretreated cellulosic material produces a
fermentation product. In embodiments, the process com-
prises recovering the fermentation product from the fermen-
tation. In embodiments, the fermentation product is an
alcohol, an organic acid, a ketone, an amino acid, an alkane,
a cycloalkane, an alkene, or a gas.

DEFINITIONS

Cellulolytic enzyme or cellulase: The term “cellulolytic
enzyme” or “cellulase” means one or more (several)
enzymes that hydrolyze a cellulosic material. Such enzymes
include endoglucanase(s), cellobiohydrolase(s), beta-glu-
cosidase(s), or combinations thereof. The two basic
approaches for measuring cellulolytic activity include: (1)
measuring the total cellulolytic activity, and (2) measuring
the individual cellulolytic activities (endoglucanases, cello-
biohydrolases, and beta-glucosidases) as reviewed in Zhang
et al., Outlook for cellulase improvement: Screening and
selection strategies, 20006, Biotechnology Advances 24: 452-
481. Total cellulolytic activity is usually measured using
insoluble substrates, including Whatman Nol filter paper,
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microcrystalline cellulose, bacterial cellulose, algal cellu-
lose, cotton, pretreated lignocellulose, etc. The most com-
mon total cellulolytic activity assay is the filter paper assay
using Whatman Nol filter paper as the substrate. The assay
was established by the International Union of Pure and
Applied Chemistry (IUPAC) (Ghose, 1987, Measurement of
cellulase activities, Pure Appl. Chem. 59: 257-68).

For purposes of the present disclosure, cellulolytic
enzyme activity is determined by measuring the increase in
hydrolysis of a cellulosic material by cellulolytic enzyme(s)
under the following conditions: 1-20 mg of cellulolytic
enzyme protein/g of cellulose in PCS for 3-7 days at 50° C.
compared to a control hydrolysis without addition of cel-
Iulolytic enzyme protein. Typical conditions are 1 ml reac-
tions, washed or unwashed PCS, 5% insoluble solids, 50
mM sodium acetate pH 5, 1 mM MnSO,, 50° C., 72 hours,
sugar analysis by AMINEX® HPX-87H column (Bio-Rad
Laboratories, Inc., Hercules, Calif., USA).

Endoglucanase: The term “endoglucanase” means an
endo-1,4-(1,3;1,4)-beta-D-glucan 4-glucanohydrolase (E.C.
3.2.1.4), which catalyses endohydrolysis of 1,4-beta-D-gly-
cosidic linkages in cellulose, cellulose derivatives (such as
carboxymethyl cellulose and hydroxyethyl cellulose),
lichenin, beta-1,4 bonds in mixed beta-1,3 glucans such as
cereal beta-D-glucans or xyloglucans, and other plant mate-
rial containing cellulosic components. Endoglucanase activ-
ity can be determined by measuring reduction in substrate
viscosity or increase in reducing ends determined by a
reducing sugar assay (Zhang et al., 2006, Biotechnology
Advances 24: 452-481). For purposes of the present inven-
tion, endoglucanase activity is determined using carboxym-
ethyl cellulose (CMC) as substrate according to the proce-
dure of Ghose, 1987, Pure and Appl. Chem. 59: 257-268, at
pH 5, 40° C.

Cellobiohydrolase: The term “cellobiohydrolase” means a
1,4-beta-D-glucan cellobiohydrolase (E.C. 3.2.1.91), which
catalyzes the hydrolysis of 1,4-beta-D-glucosidic linkages in
cellulose, cellooligosaccharides, or any beta-1,4-linked glu-
cose containing polymer, releasing cellobiose from the
reducing or non-reducing ends of the chain (Teeri, 1997,
Crystalline cellulose degradation: New insight into the func-
tion of cellobiohydrolases, Trends in Biotechnology 15:
160-167; Teeri et al., 1998, Trichoderma reesei cellobiohy-
drolases: why so efficient on crystalline cellulose?, Biochem.
Soc. Trans. 26: 173-178). For purposes of the present
invention, cellobiohydrolase activity is determined accord-
ing to the procedures described by Lever et al., 1972, Anal.
Biochem. 47: 273-279; van Tilbeurgh et al., 1982, FEBS
Letters, 149: 152-156; van Tilbeurgh and Claeyssens, 1985,
FEBS Letters, 187: 283-288; and Tomme et al., 1988, Fur.
J. Biochem. 170: 575-581. In the present invention, the
Lever et al. method can be employed to assess hydrolysis of
cellulose in corn stover, while the methods of van Tilbeurgh
et al. and Tomme et al. can be used to determine the
cellobiohydrolase activity on a fluorescent disaccharide
derivative, 4-methylumbelliferyl-p-D-lactoside.

Beta-glucosidase: The term “beta-glucosidase” means a
beta-D-glucoside glucohydrolase (E.C. 3.2.1.21), which
catalyzes the hydrolysis of terminal non-reducing beta-D-
glucose residues with the release of beta-D-glucose. For
purposes of the present invention, beta-glucosidase activity
is determined according to the basic procedure described by
Venturi et al., 2002, Extracellular beta-D-glucosidase from
Chaetomium thermophilum var. coprophilum: production,
purification and some biochemical properties, J. Basic
Microbiol. 42: 55-66. One unit of beta-glucosidase is defined
as 1.0 umole of p-nitrophenolate anion produced per minute
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at25° C., pH 4.8 from 1 mM p-nitrophenyl-beta-D-glucopy-
ranoside as substrate in 50 mM sodium citrate containing
0.01% TWEEN® 20.

Polypeptide having cellulolytic enhancing activity: The
term “polypeptide having cellulolytic enhancing activity”
means a GH61 polypeptide that catalyzes the enhancement
of the hydrolysis of a cellulosic material by enzyme having
cellulolytic activity. For purposes of the present invention,
cellulolytic enhancing activity is determined by measuring
the increase in reducing sugars or the increase of the total of
cellobiose and glucose from the hydrolysis of a cellulosic
material by cellulolytic enzyme under the following condi-
tions: 1-50 mg of total protein/g of cellulose in PCS, wherein
total protein is comprised of 50-99.5% w/w cellulolytic
enzyme protein and 0.5-50% w/w protein of a GH61 poly-
peptide having cellulolytic enhancing activity for 1-7 days at
50° C. compared to a control hydrolysis with equal total
protein loading without cellulolytic enhancing activity (1-50
mg of cellulolytic protein/g of cellulose in PCS). In a
preferred aspect, a mixture of CELLUCLAST® 1.5, (No-
vozymes NS, Bagsverd, Denmark) in the presence of 2-3%
of total protein weight Aspergillus oryzae beta-glucosidase
(recombinantly produced in Aspergillus oryzae according to
WO 02/095014) or 2-3% of total protein weight Aspergillus
fumigatus beta-glucosidase (recombinantly produced in
Aspergillus oryzae as described in WO 2002/095014) of
cellulase protein loading is used as the source of the cel-
Iulolytic activity.

The GH61 polypeptides having cellulolytic enhancing
activity enhance the hydrolysis of a cellulosic material
catalyzed by enzyme having cellulolytic activity by reducing
the amount of cellulolytic enzyme required to reach the
same degree of hydrolysis preferably at least 1.01-fold, more
preferably at least 1.05-fold, more preferably at least 1.10-
fold, more preferably at least 1.25-fold, more preferably at
least 1.5-fold, more preferably at least 2-fold, more prefer-
ably at least 3-fold, more preferably at least 4-fold, more
preferably at least 5-fold, even more preferably at least
10-fold, and most preferably at least 20-fold.

Family 61 glycoside hydrolase: The term “Family 61
glycoside hydrolase” or “Family GH61” or “GH61” means
a polypeptide falling into the glycoside hydrolase Family 61
according to Henrissat B., 1991, A classification of glycosyl
hydrolases based on amino-acid sequence similarities, Bio-
chem. J. 280: 309-316, and Henrissat B., and Bairoch A.,
1996, Updating the sequence-based classification of glyco-
syl hydrolases, Biochem. J. 316: 695-696.

Hemicellulolytic enzyme or hemicellulase: The term
“hemicellulolytic enzyme” or “hemicellulase” means one or
more (several) enzymes that hydrolyze a hemicellulosic
material. See, for example, Shallom, D. and Shoham, Y.
Microbial hemicellulases. Current Opinion In Microbiology,
2003, 6(3): 219-228). Hemicellulases are key components in
the degradation of plant biomass. Examples of hemicellu-
lases include, but are not limited to, an acetylmannan
esterase, an acetyxylan esterase, an arabinanase, an arabino-
furanosidase, a coumaric acid esterase, a feruloyl esterase, a
galactosidase, a glucuronidase, a glucuronoyl esterase, a
mannanase, a mannosidase, a xylanase, and a xylosidase.
The substrates of these enzymes, the hemicelluloses, are a
heterogeneous group of branched and linear polysaccharides
that are bound via hydrogen bonds to the cellulose micro-
fibrils in the plant cell wall, crosslinking them into a robust
network. Hemicelluloses are also covalently attached to
lignin, forming together with cellulose a highly complex
structure. The variable structure and organization of hemi-
celluloses require the concerted action of many enzymes for
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its complete degradation. The catalytic modules of hemicel-
Iulases are either glycoside hydrolases (GHs) that hydrolyze
glycosidic bonds, or carbohydrate esterases (CEs), which
hydrolyze ester linkages of acetate or ferulic acid side
groups. These catalytic modules, based on homology of their
primary sequence, can be assigned into GH and CE families
marked by numbers. Some families, with overall similar
fold, can be further grouped into clans, marked alphabeti-
cally (e.g., GH-A). A most informative and updated classi-
fication of these and other carbohydrate active enzymes is
available on the Carbohydrate-Active Enzymes (CAZy)
database. Hemicellulolytic enzyme activities can be mea-
sured according to Ghose and Bisaria, 1987, Pure & Appl.
Chem. 59: 1739-1752.

Xylan degrading activity or xylanolytic activity: The term
“xylan degrading activity” or “xylanolytic activity” means a
biological activity that hydrolyzes xylan-containing mate-
rial. The two basic approaches for measuring xylanolytic
activity include: (1) measuring the total xylanolytic activity,
and (2) measuring the individual xylanolytic activities (e.g.,
endoxylanases, beta-xylosidases, arabinofuranosidases,
alpha-glucuronidases, acetylxylan esterases, feruloyl
esterases, and alpha-glucuronyl esterases). Recent progress
in assays of xylanolytic enzymes was summarized in several
publications including Biely and Puchard, Recent progress
in the assays of xylanolytic enzymes, 2006, Journal of the
Science of Food and Agriculture 86(11): 1636-1647; Span-
ikova and Biely, 2006, Glucuronoy] esterase—Novel carbo-
hydrate esterase produced by Schizophyllum commune,
FEBS Letters 580(19): 4597-4601; Herrmann, Vrsanska,
Jurickova, Hirsch, Biely, and Kubicek, 1997, The beta-D-
xylosidase of Trichoderma reesei is a multifunctional beta-
D-xylan xylohydrolase, Biochemical Journal 321: 375-381.

Total xylan degrading activity can be measured by deter-
mining the reducing sugars formed from various types of
xylan, including, for example, oat spelt, beechwood, and
larchwood xylans, or by photometric determination of dyed
xylan fragments released from various covalently dyed
xylans. The most common total xylanolytic activity assay is
based on production of reducing sugars from polymeric
4-O-methyl glucuronoxylan as described in Bailey, Biely,
Poutanen, 1992, Interlaboratory testing of methods for assay
of xylanase activity, Journal of Biotechnology 23(3): 257-
270. Xylanase activity can also be determined with 0.2%
AZClL-arabinoxylan as substrate in 0.01% Triton X-100 and
200 mM sodium phosphate buffer pH 6 at 37° C. One unit
of xylanase activity is defined as 1.0 pmole of azurine
produced per minute at 37° C., pH 6 from 0.2% AZCL-
arabinoxylan as substrate in 200 mM sodium phosphate pH
6 buffer.

For purposes of the present invention, xylan degrading
activity is determined by measuring the increase in hydro-
lysis of birchwood xylan (Sigma Chemical Co., Inc., St.
Louis, Mo., USA) by xylan-degrading enzyme(s) under the
following typical conditions: 1 ml reactions, 5 mg/ml sub-
strate (total solids), 5 mg of xylanolytic protein/g of sub-
strate, 50 mM sodium acetate pH 5, 50° C., 24 hours, sugar
analysis using p-hydroxybenzoic acid hydrazide (PHBAH)
assay as described by Lever, 1972, A new reaction for
colorimetric determination of carbohydrates, Anal. Biochem
47: 273-279.

Xylanase: The term “xylanase” means a 1,4-beta-D-xy-
lan-xylohydrolase (E.C. 3.2.1.8) that catalyzes the endohy-
drolysis of 1,4-beta-D-xylosidic linkages in xylans. For
purposes of the present invention, Xylanase activity is deter-
mined with 0.2% AZCL-arabinoxylan as substrate in 0.01%
Triton X-100 and 200 mM sodium phosphate buffer pH 6 at
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37° C. One unit of xylanase activity is defined as 1.0 umole
of azurine produced per minute at 37° C., pH 6 from 0.2%
AZCL-arabinoxylan as substrate in 200 mM sodium phos-
phate pH 6 buffer.

Beta-xylosidase: The term “beta-xylosidase” means a
beta-D-xyloside xylohydrolase (E.C. 3.2.1.37) that catalyzes
the exo-hydrolysis of short beta—1 (4)-xylooligosaccha-
rides, to remove successive D-xylose residues from the
non-reducing termini. For purposes of the present invention,
one unit of beta-xylosidase is defined as 1.0 umole of
p-nitrophenolate anion produced per minute at 40° C., pH 5
from 1 mM p-nitrophenyl-beta-D-xyloside as substrate in
100 mM sodium citrate containing 0.01% TWEEN® 20.

Esterase: The term “esterase” means a hydrolase enzyme
that splits esters into an acid and an alcohol in a chemical
reaction with water call hydrolysis. The term also refers to
enzyme referred to as carboxylic ester hydrolyases, referring
to enzymes acting on ester bonds, and includes enzymes
classified in EC 3.1.1 carboxylic ester hydrolases according
to Enzyme Nomenclature (available at www.chem.qm-
w.ac.uk/iubmb/enzyme or from Enzyme Nomenclature
1992, Academic Press, San Diego, Calif., with Supplement
1 (1993), Supplement 2 (1994), Supplement 3 (1995),
Supplement 4 (1997) and Supplement 5, in Eur. J. Biochem.
1994, 223, 1-5; Eur. J. Biochem, 1995, 232, 1-6; Eur. J.
Biochem. 1996, 237, 1-5; Eur. J. Biochem. 1997, 250; 1-6,
and Eur, J. Biochem, 1999, 264, 610-650; respectively).
Non-limiting examples of esterases include carboxy-
lesterase, arylesterase, triacylglycerol lipase, acetylesterase,
acetylcholinesterase, cholinesterase, tropinesterase, pectin-
esterase, sterol esterase, chlorophyllase, L-arabinonolacto-
nase, gluconolactonase, uronolactonase, tannase, retinyl-
palmitate esterase, hydroxybutyrate-dimer hydrolase,
acylglycerol lipase, 3-oxoadipate enol-lactonase, 1,4-lacto-
nase, galactolipase, 4-pyridoxolactonase, acylcarnitine
hydrolase, aminoacyl-tRNA hydrolase, D-arabinonolacto-
nase, 6-phosphogluconolactonase, phospholipase Al,
6-acetylglucose deacetylase, lipoprotein lipase, dihydrocou-
marin lipase, limonin-D-ring-lactonase, steroid-lactonase,
triacetate-lactonase, actinomycin lactonase, orsellinate-dep-
side hydrolase, cephalosporin-C deacetylase, chlorogenate
hydrolase, alpha-amino-acid esterase, 4-methyloxaloacetate
esterase, carboxymethylenebutenolidase, deoxylimonate
A-ring-lactonase,  2-acetyl-1-alkylglycerophosphocholine
esterase, fusaarinine-C ornithinesterase, sinapine esterase,
wax-ester hydrolase, phorbol-diester hydrolase, phosphati-
dylinositol deacylase, sialate O-acetylesterase, acetoxybuty-
nylbithiophene deacetylase, acetylsalicylate deacetylase,
methylumbelliferyl-acetate deacetylase, 2-pyrone-4,6-dicar-
boxylate lactonase, N-acetylgalactosaminoglycan deacety-
lase, juvenile-hormone esterase, bis(2-ethylhexyl)phthalate
esterase, protein-glutamate methylesterase, 11-cis-retinyl-
palmitate hydrolase, all-trans-retinyl-palmitate hydrolase,
L-rhamnono-1,4-lactonase, 5-(3,4-diacetoxybut-1-ynyl)-2,
2'-bithiophene deacetylase, fatty-acyl-ethyl-ester synthase,
xylono-1, 4-lactonase, N-acetylglucosaminylphosphati-
dylinositol deacetylase, cetraxate benzylesterase, acetylal-
kylglycerol acetylhydrolase, and acetylxylan esterase. Non-
limiting examples of esterase include carboxylic ester
hydrolases classified in EC 3.1.1.1 through and including
EC3.1.1.85 according to the Enzyme Nomenclature (avail-
able at a website having the address www.chem.qmw.ac.uk/
iubmb/enzyme). Esterases have wide specificity; and also
may hydrolyze vitamin A esters. Esterases may also come
from microsomes that also catalyze the reactions of EC
3.1.1.2, EC 3.1.1.5, EC 3.1.1.6, EC 3.1.1.23, EC 3.1.1.28,
EC 3.1.2.2, EC 3.5.1.4, and EC 3.5.1.13.
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Acetylxylan esterase: The term “acetylxylan esterase”
means a carboxylesterase (EC 3.1.1.72) that catalyses the
hydrolysis of acetyl groups from polymeric xylan, acety-
lated xylose, acetylated glucose, alpha-napthyl acetate, and
p-nitrophenyl acetate. For purposes of the present invention,
acetylxylan esterase activity is determined using 0.5 mM
p-nitrophenylacetate as substrate in 50 mM sodium acetate
pH 5.0 containing 0.01% TWEEN™ 20. One unit of
acetylxylan esterase is defined as the amount of enzyme
capable of releasing 1 pmole of p-nitrophenolate anion per
minute at pH 5, 25° C.

Feruloyl esterase: The term “feruloyl esterase” means a
4-hydroxy-3-methoxycinnamoyl-sugar  hydrolase (EC
3.1.1.73) that catalyzes the hydrolysis of the 4-hydroxy-3-
methoxycinnamoyl (feruloyl) group from an esterified
sugar, which is usually arabinose in “natural” substrates, to
produce ferulate (4-hydroxy-3-methoxycinnamate). Feru-
loyl esterase is also known as ferulic acid esterase, hydroxy-
cinnamoyl esterase, FAE-IIl, cinnamoyl ester hydrolase,
FAEA, cinnAE, FAE-I, or FAE-II. Non-limiting examples of
feruloyl esterase for use in accordance with the present
disclosure are set forth below. For purposes of the present
disclosure, feruloyl esterase activity is determined using 0.5
mM p-nitrophenylferulate as substrate in 50 mM sodium
acetate pH 5.0. One unit of feruloyl esterase equals the
amount of enzyme capable of releasing 1 umole of p-nitro-
phenolate anion per minute at pH 5, 25° C.

Alpha-glucuronidase: The term “alpha-glucuronidase”
means an alpha-D-glucosiduronate glucuronohydrolase (EC
3.2.1.139) that catalyzes the hydrolysis of an alpha-D-
glucuronoside to D-glucuronate and an alcohol. For pur-
poses of the present invention, alpha-glucuronidase activity
is determined according to de Vries, 1998, J. Bacteriol. 180:
243-249. One unit of alpha-glucuronidase equals the amount
of enzyme capable of releasing 1 pmole of glucuronic or
4-O-methylglucuronic acid per minute at pH 5, 40° C.

Alpha-l.-arabinofuranosidase: The term “alpha-L.-arab-
inofuranosidase” means an alpha-I.-arabinofuranoside ara-
binofuranohydrolase (EC 3.2.1.55) that catalyzes the hydro-
lysis of terminal non-reducing alpha-L-arabinofuranoside
residues in alpha-L-arabinosides. The enzyme acts on alpha-
L-arabinofuranosides, alpha-L.-arabinans containing (1,3)-
and/or (1,5)-linkages, arabinoxylans, and arabinogalactans.
Alpha-L.-arabinofuranosidase is also known as arabinosi-
dase, alpha-arabinosidase, alpha-1.-arabinosidase, alpha-ara-
binofuranosidase, polysaccharide alpha-I.-arabinofuranosi-
dase, alpha-L-arabinofuranoside hydrolase,
L-arabinosidase, or alpha-L-arabinanase. For purposes of
the present invention, alpha-I-arabinofuranosidase activity
is determined using 5 mg of medium viscosity wheat arab-
inoxylan (Megazyme International Ireland, Ltd., Bray, Co.
Wicklow, Ireland) per ml of 100 mM sodium acetate pH 5
in a total volume of 200 pl for 30 minutes at 40° C. followed
by arabinose analysis by AMINEX® HPX-87H column
chromatography (Bio-Rad Laboratories, Inc., Hercules,
Calif., USA).

Cellulosic material: The cellulosic material can be any
material containing cellulose. The predominant polysaccha-
ride in the primary cell wall of biomass is cellulose, the
second most abundant is hemicellulose, and the third is
pectin. The secondary cell wall, produced after the cell has
stopped growing, also contains polysaccharides and is
strengthened by polymeric lignin covalently cross-linked to
hemicellulose. Cellulose is a homopolymer of anhydrocel-
lobiose and thus a linear beta-(1-4)-D-glucan, while hemi-
celluloses include a variety of compounds, such as xylans,
xyloglucans, arabinoxylans, and mannans in complex
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branched structures with a spectrum of substituents.
Although generally polymorphous, cellulose is found in
plant tissue primarily as an insoluble crystalline matrix of
parallel glucan chains. Hemicelluloses usually hydrogen
bond to cellulose, as well as to other hemicelluloses, which
help stabilize the cell wall matrix. Cells from dead plants can
also be referred to as fibers or cellulosic fibers. The cell walls
are composed by layers, which are assembled by fibrils,
hemicellulose and lignin. The fibrils are mainly composed
by cellulose with minor quantiites of hemicellulose and
lignin.

Cellulose is generally found, for example, in the stems,
leaves, hulls, husks, and cobs of plants or leaves, branches,
and wood of trees. The cellulosic material can be, but is not
limited to, herbaceous material, agricultural residue, forestry
residue, municipal solid waste, waste paper, and pulp and
paper mill residue (see, for example, Wiselogel et al., 1995,
in Handbook on Bioethanol (Charles E. Wyman, editor), pp.
105-118, Taylor & Francis, Washington D.C.; Wyman, 1994,
Bioresource Technology 50: 3-16; Lynd, 1990, Applied
Biochemistry and Biotechnology 24/25: 695-719; Mosier et
al., 1999, Recent Progress in Bioconversion of Lignocellu-
losics, in Advances in Biochemical Engineering/Biotechnol-
ogy, T. Scheper, managing editor, Volume 65, pp. 23-40,
Springer-Verlag, New York). It is understood herein that the
cellulose may be in the form of lignocellulose, a plant cell
wall material containing lignin, cellulose, and hemicellulose
in a mixed matrix. In a preferred aspect, the cellulosic
material is lignocellulose.

In one aspect, the cellulosic material is herbaceous mate-
rial. In another aspect, the cellulosic material is agricultural
residue. In another aspect, the cellulosic material is forestry
residue. In another aspect, the cellulosic material is munici-
pal solid waste. In another aspect, the cellulosic material is
waste paper. In another aspect, the cellulosic material is pulp
and paper mill residue.

In another aspect, the cellulosic material is hardwood. In
another aspect, the cellulosic material is hardwood chips. In
another aspect, the cellulosic material is hardwood pulp. In
another aspect, the cellulosic material is softwood. In
another aspect, the cellulosic material is softwood chips. In
another aspect, the cellulosic material is softwood pulp.

In another aspect, the cellulosic material is a byproduct of
the pulp and paper industry. In another aspect, the cellulosic
material is a virgin fiber byproduct of the pulp and paper
industry. In another aspect, the cellulosic material is a
recycled byproduct of the pulp and paper industry.

In another aspect, the cellulosic material is a cellulose-
containing fiber. In another aspect, the cellulosic material is
a cellulose-containing fibrous material.

In another aspect, the cellulosic material is corn stover. In
another aspect, the cellulosic material is corn fiber. In
another aspect, the cellulosic material is corn cob. In another
aspect, the cellulosic material is orange peel. In another
aspect, the cellulosic material is rice straw. In another aspect,
the cellulosic material is wheat straw. In another aspect, the
cellulosic material is switch grass. In another aspect, the
cellulosic material is miscanthus. In another aspect, the
cellulosic material is bagasse.

In another aspect, the cellulosic material is microcrystal-
line cellulose. In another aspect, the cellulosic material is
bacterial cellulose. In another aspect, the cellulosic material
is algal cellulose. In another aspect, the cellulosic material is
cotton linter. In another aspect, the cellulosic material is
amorphous phosphoric-acid treated cellulose. In another
aspect, the cellulosic material is filter paper.
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The cellulosic material may be used as is or may be
subjected to pretreatment, using conventional methods
known in the art, as described herein. In a preferred aspect,
the cellulosic material is pretreated.

The cellulosic material may have been dried, at least once,
at any stage of its production, before being submitted to the
enzymatically aided refining process. The cellulosic material
may have been never dried, before being submitted to the
enzymatically aided refining process.

Pretreated cellulosic material: The term pretreated cellu-
losic material means any cellulosic material that has been
treated in preparation for further processing. Non-limiting
examples of pretreated cellulosic material includes cellu-
losic material treated by one or more chemical, enzymatic,
mechanical, or physical pre-treatment steps in preparation
for enzymatic hydrolysis.

Pretreated corn stover: The term “PCS” or “Pretreated
Corn Stover” means a cellulosic material derived from corn
stover by treatment with heat and dilute sulfuric acid.

Isolated or purified: The term “isolated” or “purified”
means a polypeptide or polynucleotide that is removed from
at least one component with which it is naturally associated.
For example, a polypeptide may be at least 1% pure, e.g., at
least 5% pure, at least 10% pure, at least 20% pure, at least
40% pure, at least 60% pure, at least 80% pure, at least 90%
pure, or at least 95% pure, as determined by SDS-PAGE, and
a polynucleotide may be at least 1% pure, e.g., at least 5%
pure, at least 10% pure, at least 20% pure, at least 40% pure,
at least 60% pure, at least 80% pure, at least 90% pure, or
at least 95% pure, as determined by agarose electrophoresis.

Mature polypeptide: The term “mature polypeptide”
means a polypeptide in its final form following translation
and any post-translational modifications, such as N-terminal
processing, C-terminal truncation, glycosylation, phospho-
rylation, etc. It is known in the art that a host cell may
produce a mixture of two of more different mature polypep-
tides (i.e., with a different C-terminal and/or N-terminal
amino acid) expressed by the same polynucleotide. The
mature polypeptide can be predicted using the SignalP
program (Nielsen et al., 1997, Protein Engineering 10:1-6).

Mature polypeptide coding sequence: The term “mature
polypeptide coding sequence” is defined herein as a nucleo-
tide sequence that encodes a mature polypeptide having
biological activity. The mature polypeptide coding sequence
can be predicted using the SignalP program (Nielsen et al.,
1997, supra).

Sequence identity: The relatedness between two amino
acid sequences or between two nucleotide sequences is
described by the parameter “sequence identity”.

For purposes of the present invention, the degree of
sequence identity between two amino acid sequences is
determined using the Needleman-Wunsch algorithm
(Needleman and Wunsch, 1970, J. Mol. Biol. 48: 443-453)
as implemented in the Needle program of the EMBOSS
package (EMBOSS: The European Molecular Biology Open
Software Suite, Rice et al., 2000, Trends Genet. 16: 276-
277), preferably version 3.0.0 or later. The optional param-
eters used are gap open penalty of 10, gap extension penalty
of 0.5, and the EBLOSUMG62 (EMBOSS version of BLO-
SUMS62) substitution matrix. The output of Needle labeled
“longest identity” (obtained using the -nobrief option) is
used as the percent identity and is calculated as follows:

(Identical Residuesx100)/(Length of Alignment—
Total Number of Gaps in Alignment)

For purposes of the present invention, the degree of
sequence identity between two deoxyribonucleotide
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sequences is determined using the Needleman- Wunsch algo-
rithm (Needleman and Wunsch, 1970, supra) as imple-
mented in the Needle program of the EMBOSS package
(EMBOSS: The European Molecular Biology Open Soft-
ware Suite, Rice et al., 2000, supra), preferably version 3.0.0
or later. The optional parameters used are gap open penalty
of 10, gap extension penalty of 0.5, and the EDNAFULL
(EMBOSS version of NCBl NUC4.4) substitution matrix.
The output of Needle labeled “longest identity” (obtained
using the -nobrief option) is used as the percent identity and
is calculated as follows:

(Identical Deoxyribonucleotidesx100)/(Length of
Alignment-Total Number of Gaps in Align-
ment)

Polypeptide fragment: The term “fragment” means a
polypeptide having one or more (several) amino acids
deleted from the amino and/or carboxyl terminus of a mature
polypeptide; wherein the fragment has biological activity.

Subsequence: The term “subsequence” means a poly-
nucleotide having one or more (several) nucleotides deleted
from the 5' and/or 3' end of a mature polypeptide coding
sequence, wherein the subsequence encodes a fragment
having biological activity.

Allelic variant: The term “allelic variant” means any of
two or more alternative forms of a gene occupying the same
chromosomal locus. Allelic variation arises naturally
through mutation, and may result in polymorphism within
populations. Gene mutations can be silent (no change in the
encoded polypeptide) or may encode polypeptides having
altered amino acid sequences. An allelic variant of a poly-
peptide is a polypeptide encoded by an allelic variant of a
gene.

Coding sequence: The term “coding sequence” means a
polynucleotide, which directly specifies the amino acid
sequence of a polypeptide. The boundaries of the coding
sequence are generally determined by an open reading
frame, which usually begins with the ATG start codon or
alternative start codons such as GTG and TTG and ends with
a stop codon such as TAA, TAG, and TGA. The coding
sequence may be a DNA, cDNA, synthetic, or recombinant
polynucleotide.

cDNA: The term “cDNA” means a DNA molecule that
can be prepared by reverse transcription from a mature,
spliced, mRNA molecule obtained from a eukaryotic or
prokaryotic cell. cDNA lacks intron sequences that may be
present in the corresponding genomic DNA. The initial,
primary RNA transcript is a precursor to mRNA that is
processed through a series of steps, including splicing,
before appearing as mature spliced mRNA.

Nucleic acid construct: The term “nucleic acid construct”
means a nucleic acid molecule, either single- or double-
stranded, which is isolated from a naturally occurring gene
or is modified to contain segments of nucleic acids in a
manner that would not otherwise exist in nature or which is
synthetic. The term nucleic acid construct is synonymous
with the term “expression cassette” when the nucleic acid
construct contains the control sequences required for expres-
sion of a coding sequence.

Control sequences: The term “control sequences” means
all components necessary for the expression of a polynucle-
otide encoding a polypeptide. Each control sequence may be
native or foreign to the polynucleotide encoding the poly-
peptide or native or foreign to each other. Such control
sequences include, but are not limited to, a leader, polyade-
nylation sequence, propeptide sequence, promoter, signal
peptide sequence, and transcription terminator. At a mini-
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mum, the control sequences include a promoter, and tran-
scriptional and translational stop signals. The control
sequences may be provided with linkers for the purpose of
introducing specific restriction sites facilitating ligation of
the control sequences with the coding region of the poly-
nucleotide encoding a polypeptide.

Operably linked: The term “operably linked” means a
configuration in which a control sequence is placed at an
appropriate position relative to the coding sequence of a
polynucleotide such that the control sequence directs the
expression of the coding sequence.

Expression: The term “expression” includes any step
involved in the production of a polypeptide including, but
not limited to, transcription, post-transcriptional modifica-
tion, translation, post-translational modification, and secre-
tion.

Expression vector: The term “expression vector” means a
linear or circular DNA molecule that comprises a polynucle-
otide encoding a polypeptide and is operably linked to
additional nucleotides that provide for its expression.

Host cell: The term “host cell” means any cell type that is
susceptible to transformation, transfection, transduction, and
the like with a nucleic acid construct or expression vector
comprising a polynucleotide. The term “host cell” encom-
passes any progeny of a parent cell that is not identical to the
parent cell due to mutations that occur during replication.

Variant: The term “variant” means a polypeptide com-
prising an alteration, i.e., a substitution, insertion, and/or
deletion of one or more (several) amino acid residues at one
or more (several) positions. A substitution means a replace-
ment of an amino acid occupying a position with a different
amino acid; a deletion means removal of an amino acid
occupying a position; and an insertion means adding one or
more (several) amino acids, e.g., 1-5 amino acids, adjacent
to an amino acid occupying a position.

Ester: The term “ester” refers to a radical having the
structure —C(0)O—, —C(O)—R;, —R,C(O)0O—R,—, or
—R,C(0)O—, where O is not bound to hydrogen, and IR,
and R, can independently be selected from alkoxy, aryloxy,
alkyl, alkenyl, alkynyl, amide, amino, aryl, arylalkyl,
cycloalkyl, ether, formyl, haloalkyl, halogen, heteroaryl,
heterocyclyl, ketone, phosphate, sulfide, sulfinyl, sulfonyl,
sulfonic acid and thioketone. R, can be a hydrogen, but R,
cannot be hydrogen. The ester may be cyclic, for example
the carbon atom and R;, the oxygen atom and R,, or R; and
R, may be joined to form a 3- to 12-membered ring.
Exemplary esters include, but are not limited to, alkyl esters
wherein at least one of R, or R; is alkyl, such as -alkyl-C
(0)—O0—, —C(0)—O0-alkyl-, -alkyl-C(O)—O-alkyl-, etc.
Exemplary esters also include aryl or heteoraryl esters, e.g.
wherein at least one of R R; or R, is a heteroaryl group such
as pyridine, pyridazine, pyrmidine and pyrazine, such as a
nicotinate ester. Exemplary esters also include reverse esters
having the structure —R, C(O)O—, where the oxygen is
bound to the parent molecular group. Exemplary reverse
esters include succinate, D-argininate, [-argininate, [-lysi-
nate and D-lysinate. Esters also include carboxylic acid
anhydrides and acid halides.

Alkoxy: The term “alkoxy” as used herein refers to an
alkyl group attached to an oxygen (—O-alkyl-). “Alkoxy”
groups also include an alkenyl group attached to an oxygen
(“alkenoxy”) or an alkynyl group attached to an oxygen
(“alkynoxy”) groups. Exemplary alkoxy groups include, but
are not limited to, groups with an alkyl, alkenyl or alkynyl
group of 1-22, 1-8, or 1-6 carbon atoms, referred to herein
as (C,-C,yalkoxy, (C,-Cyglalkoxy, and (C,-Cgy)alkoxy,
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respectively. Exemplary alkoxy groups include, but are not
limited to methoxy, ethoxy, etc

Aryloxy: as used herein refers to an aryl group attached to
an oxygen atom. Exemplary aryloxy groups include, but are
not limited to, aryloxys having a monocyclic aromatic ring
system, wherein the ring comprises 6 carbon atoms, referred
to herein as “(Cy)aryloxy.”

Alkyl: The term “alkyl” as used herein refers to a satu-
rated straight or branched hydrocarbon, such as a straight or
branched group of 1-22, 1-8, or 1-6 carbon atoms, referred
to herein as (C,-C,,)alkyl, (C,-Cy)alkyl, and (C,-Cy)alkyl,
respectively. Exemplary alkyl groups include, but are not
limited to, methyl, ethyl, propyl, isopropyl, 2-methyl-1-
propyl, 2-methyl-2-propyl, 2-methyl-1-butyl, 3-methyl-1-
butyl, 2-methyl-3-butyl, 2,2-dimethyl-1-propyl, 2-methyl-1-
pentyl, 3-methyl-1-pentyl, 4-methyl-1-pentyl, 2-methyl-2-
pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 2,2-dimethyl-
1-butyl, 3,3-dimethyl-1-butyl, 2-ethyl-1-butyl, butyl,
isobutyl, t-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl,
octyl, etc.

Alkenyl: The term “alkenyl” as used herein refers to an
unsaturated straight or branched hydrocarbon having at least
one carbon-carbon double bond, such as a straight or
branched group of 2-22, 2-8, or 2-6 carbon atoms, referred
to herein as (C,-C,,)alkenyl, (O,—Cy)alkenyl, and (C,-Cy)
alkenyl, respectively. Exemplary alkenyl groups include, but
are not limited to, vinyl, allyl, butenyl, pentenyl, hexenyl,
butadienyl, pentadienyl, hexadienyl, 2-ethylhexenyl, 2-pro-
pyl-2-butenyl, 4-(2-methyl-3-butene)-pentenyl, etc.

Alkynyl: The term “alkynyl” as used herein refers to an
unsaturated straight or branched hydrocarbon having at least
one carbon-carbon triple bond, such as a straight or branched
group of 2-22, 2-8, or 2-6 carbon atoms, referred to herein
as (C,-C,y)alkynyl, (C,-Cglalkynyl, and (C,-Cgalkynyl,
respectively. Exemplary alkynyl groups include, but are not
limited to, ethynyl, propynyl, butynyl, pentynyl, hexynyl,
methylpropynyl, 4-methyl-1-butynyl, 4-propyl-2-pentynyl,
and 4-butyl-2-hexynyl, etc.

Amide: The term “amide” as used herein refers to a
radical of the form—R,C(ON(R,)—, —R,C(O)N(R,)
R —, or —C(O)NR,R_, wherein R, and R are each inde-
pendently selected from alkoxy, aryloxy, alkyl, alkenyl,
alkynyl, amide, amino, aryl, arylalkyl, carbamate, carboxy,
cyano, cycloalkyl, ester, ether, formyl, halogen, haloalkyl,
heteroaryl, heterocyclyl, hydrogen, hydroxyl, ketone, nitro,
phosphate, sulfide, sulfinyl, sulfonyl, sulfonic acid, sulfona-
mide and thioketone. The amide can be attached to another
group through the carbon, the nitrogen, R,, R, or R,. The
amide also may be cyclic, for example R, and R, R, and R,
or R, and R_ may be joined to form a 3- to 12-membered
ring, such as a 3- to 10-membered ring or a 5- to 6-mem-
bered ring. The term “amide” encompasses groups such as
sulfonamide, urea, carbamate, carbamic acid, and cyclic
versions thereof. The term “amide” also encompasses an
amide group attached to a carboxy group, e.g., -amide-
COOH or salts such as -amide-COONa, etc, an amino group
attached to a carboxy group, e.g., -amino-COOH or salts
such as -amino-COONa, etc.

Amino: The term “amine” or “amino” as used herein
refers to a radical of the form —N R, R, —N(R )R_—, or
—R, N(R,) R— where R, R,, and R, are independently
selected from alkoxy, aryloxy, alkyl, alkenyl, alkynyl,
amide, amino, aryl, arylalkyl, carbamate, carboxy, cyano,
cycloalkyl, ester, ether, formyl, halogen, haloalkyl, het-
eroaryl, heterocyclyl, hydrogen, hydroxyl, ketone, nitro,
phosphate, sulfide, sulfinyl, sulfonyl, sulfonic acid, sulfona-
mide and thioketone. The amino can be attached to the



US 9,434,972 B2

17

parent molecular group through the nitrogen, R, R, or R,
The amino also may be cyclic, for example any two of R ,
R,, and R, may be joined together or with the N to form a
3-to 12-membered ring, e.g., morpholino or piperidinyl. The
term amino also includes the corresponding quaternary
ammonium salt of any amino group, e.g., —[N(R/)(R,)
(R)]*. Exemplary amino groups include aminoalkyl groups,
wherein at least one of R, R,, or R, is an alkyl group.

Aryl: The term “aryl” as used herein refers to a mono-, bi-,
or other multi-carbocyclic, aromatic ring system. The aryl
group can optionally be fused to one or more rings selected
from aryls, cycloalkyls, and heterocyclyls. The aryl groups
of this invention can be substituted with groups selected
from alkoxy, aryloxy, alkyl, alkenyl, alkynyl, amide, amino,
aryl, arylalkyl, carbamate, carboxy, cyano, cycloalkyl, ester,
ether, formyl, halogen, haloalkyl, heteroaryl, heterocyclyl,
hydroxyl, ketone, nitro, phosphate, sulfide, sulfinyl, sulfo-
nyl, sulfonic acid, sulfonamide and thioketone. Exemplary
aryl groups include, but are not limited to, phenyl, tolyl,
anthracenyl, fluorenyl, indenyl, azulenyl, and naphthyl, as
well as benzo-fused carbocyclic moieties such as 5,6,7,8-
tetrahydronaphthyl. Exemplary aryl groups also include, but
are not limited to a monocyclic aromatic ring system,
wherein the ring comprises 6 carbon atoms, referred to
herein as “(Cy)aryl.”

Arylalkyl: The term “arylalkyl” as used herein refers to an
aryl group having at least one alkyl substituent, e.g.-aryl-
alkyl-. Exemplary arylalkyl groups include, but are not
limited to, arylalkyls having a monocyclic aromatic ring
system, wherein the ring comprises 6 carbon atoms, referred
to herein as “(Cy)arylalkyl.”

Cycloalkyl: The term “cycloalkyl” as used herein refers to
a monovalent saturated or unsaturated cyclic, bicyclic, or
bridged bicyclic hydrocarbon group of 3-12 carbons, or 3-8
carbons, referred to herein as “(C,-Cq)cycloalkyl,” derived
from a cycloalkane. Exemplary cycloalkyl groups include,
but are not limited to, cyclohexanes, cyclohexenes, cyclo-
pentanes, and cyclopentenes. Cycloalkyl groups may be
substituted with alkoxy, aryloxy, alkyl, alkenyl, alkynyl,
amide, amino, aryl, arylalkyl, carbamate, carboxy, cyano,
cycloalkyl, ester, ether, formyl, halogen, haloalkyl, het-
eroaryl, heterocyclyl, hydroxyl, ketone, nitro, phosphate,
sulfide, sulfinyl, sulfonyl, sulfonic acid, sulfonamide and
thioketone. Cycloalkyl groups can be fused to other
cycloalkyl, aryl, or heterocyclyl groups.

Ether: The term (“ether” refers to a radical having the
structure —R,O—R,—, where R, and R,, can indepen-
dently be alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocy-
clyl, or ether. The ether can be attached to the parent
molecular group through R, or R,. Exemplary ethers
include, but are not limited to, alkoxyalkyl and alkoxyaryl
groups. Ethers also includes polyethers, e.g., where one or
both of R, and R, are ethers.

Aldehyde or formyl: The term “aldehyde” or “formyl” as
used herein refers to the radical —CHO.

Haloalkyl: The term “haloalkyl” as used herein refers to
an alkyl group substituted with one or more halogen atoms.
“Haloalkyls” also encompass alkenyl or alkynyl groups
substituted with one or more halogen atoms.

Halogen: The terms “halo” or “halogen” or “Hal” as used
herein refer to F, Cl, Br, or 1.

Heteroaryl: The term “heteroaryl” as used herein refers to
a mono-, bi-, or multi-cyclic, aromatic ring system contain-
ing one or more heteroatoms, for example 1 to 3 heteroa-
toms, such as nitrogen, oxygen, and sulfur. Heteroaryls can
be substituted with one or more substituents including
alkoxy, aryloxy, alkyl, alkenyl, alkynyl, amide, amino, aryl,
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arylalkyl, carbamate, carboxy, cyano, cycloalkyl, ester,
ether, formyl, halogen, haloalkyl, heteroaryl, heterocyclyl,
hydroxyl, ketone, nitro, phosphate, sulfide, sulfinyl, sulfo-
nyl, sulfonic acid, sulfonamide and thioketone. Heteroaryls
can also be fused to non-aromatic rings. Illustrative
examples of heteroaryl groups include, but are not limited
to, pyridinyl, pyridazinyl, pyrimidyl, pyrazyl, triazinyl, pyr-
rolyl, pyrazolyl, imidazolyl, (1,2,3,)- and (1,2,4)-triazolyl,
pyrazinyl, pyrimidilyl, tetrazolyl, furyl, thienyl, isoxazolyl,
thiazolyl, furyl, phenyl, isoxazolyl, and oxazolyl. Exemplary
heteroaryl groups include, but are not limited to, a mono-
cyclic aromatic ring, wherein the ring comprises 2 to 5
carbon atoms and 1 to 3 heteroatoms, referred to herein as
“(C,-Cs)heteroaryl.”

Heterocyclyl: The terms “heterocycle,” “heterocyclyl,” or
“heterocyclic” as used herein refer to a saturated or unsatu-
rated 3-, 4-, 5-, 6- or 7-membered ring containing one, two,
or three heteroatoms independently selected from nitrogen,
oxygen, and sulfur. Heterocycles can be aromatic (heteroar-
yls) or non-aromatic. Heterocycles can be substituted with
one or more substituents including alkoxy, aryloxy, alkyl,
alkenyl, alkynyl, amide, amino, aryl, arylalkyl, carbamate,
carboxy, cyano, cycloalkyl, ester, ether, formyl, halogen,
haloalkyl, heteroaryl, heterocyclyl, hydroxyl, ketone, nitro,
phosphate, sulfide, sulfinyl, sulfonyl, sulfonic acid, sulfona-
mide and thioketone.

Ketone: The term “ketone” as used herein refers to a
radical having the structure —C(O)—R,, (such as acetyl,
—C(O)CH;) or —R,—C(O)—R_,—. The ketone can be
attached to another group through R, orR . R, or R can be
alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl or aryl, or
R, or R, can be joined to form a 3- to 12-membered ring.

Phosphate: The term “phosphate” as used herein refers to
a radical having the structure —OP(0)O,—, —R OP(0O)
O,—, —OP(O)O,R —, or —R OP(O)O,R —, wherein Rx
and R,, can be alkyl, alkenyl, alkynyl, alkoxy, amide, amino,
aryl, aryloxy, carboxy, cyano, cycloalkyl, ester, ether, halo-
gen, heterocyclyl, hydrogen, hydroxy, ketone, nitro, sul-
fonate, sulfonyl, and thio.

Sulfide: The term “sulfide” as used herein refers to the
radical having the structure R_S—, where R, can be alkoxy,
aryloxy, alkyl, alkenyl, alkynyl, amide, amino, aryl, arylal-
kyl, carbamate, carboxy, cycloalkyl, ester, ether, formyl,
haloalkyl, heteroaryl, heterocyclyl, and ketone. The term
“alkylsulfide” as used herein refers to an alkyl group
attached to a sulfur atom.

Sulfinyl: The term “sulfinyl” as used herein refers to a
radical having the structure —S(0)O—, —R, (0)O—,
—R,S(0)OR —, or —S(O)OR,—, wherein R,, and R, can
be alkoxy, aryloxy, alkyl, alkenyl, alkynyl, amide, amino,
aryl, arylalkyl, cycloalkyl, ester, ether, formyl, halogen,
haloalkyl, heteroaryl, heterocyclyl, hydroxyl, ketone, nitro,
phosphate, sulfide, sulfonyl, sulfonic acid, sulfonamide and
thioketone. Exemplary sulfinyl groups include, but are not
limited to, alkylsulfinyls wherein at least one of R, or R, is
alkyl, alkenyl or alkynyl.

Sulfonyl: The term “sulfonyl” as used herein refers to a
radical having the structure R, SO,—, where R, can be alkyl,
alkenyl, alkynyl, amino, amide, aryl, cycloalkyl, and het-
erocyclyl, e.g., alkylsulfonyl. The term “alkylsulfonyl” as
used herein refers to an alkyl group attached to a sulfonyl
group. “Alkylsulfonyl” groups can optionally contain alk-
enyl or alkynyl groups.

Sulfonic acid: The term “sulfonic acid” refers to the
radical —SO;H— and its corresponding salts, e.g.
—SO;K—, —SO;Na—.
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Thioketone: The term “thioketone” refers to a radical
having the structure —R —C(S)—R,,—. The ketone can be
attached to another group through R, orR,,. R, or R;,can be
alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclyl or aryl, or
R, or Ry, can be joined to form a 3- to 12-membered ring.

Hydroxy and hydroxyl: The terms “hydroxy” and
“hydroxyl” as used herein refers to the radical —OH.

Saturated and unsaturated hydrocarbons: “Alkyl,” “alk-
enyl,” and “alkynyl” groups, collectively referred to as
“saturated and unsaturated hydrocarbons,” can be substi-
tuted with or interrupted by at least one group selected from
alkoxy, aryloxy, alkyl, alkenyl, alkynyl, amide, amino, aryl,
arylalkyl, carbamate, carboxy, cyano, cycloalkyl, ester,
ether, formyl, halogen, haloalkyl, heteroaryl, heterocyclyl,
hydroxyl, ketone, nitro, phosphate, sulfide, sulfinyl, sulfo-
nyl, sulfonic acid, sulfonamide, thioketone, and N.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to a process for enzymatic
refining of a pretreated cellulosic material, including: (a)
contacting the pretreated cellulosic material with an esterase
and/or esterase enzyme composition to form a refined pre-
treated cellulosic material. In embodiments, a preferred
esterase or esterase enzyme composition is a feruloyl
esterase and/or feruloyl esterase composition.

The present invention also relates to a process for enzy-
matic refining of a pretreated cellulosic material, including:

a) processing the pretreated cellulosic material to form a

solid/liquid mixture of pretreated cellulosic material;

b) separating a liquor from the solid/liquid mixture of

pretreated cellulosic material; and

c) treating the liquor with a feruloyl esterase treatment.

In one aspect, the processes of the present disclosure
include an enzyme composition including one or more
(several) enzymes selected from the group consisting of an
esterase and/or feruloyl esterase. Non-limiting examples of
suitable feruloyl esterase include enzymes having an amino
acid with at least 70%, 80%, 90%, 95%, 96%, 97%, 98%,
99% sequence identity to the mature polypeptide of SEQ ID
NOS: 133, 134, 135, 136 or 137 or fragments thereof with
feruloyl esterase activity. Non-limiting examples of suitable
feruloyl esterase include enzymes having an amino acid
comprising or consisting of the mature polypeptide of SEQ
1D NOS: 133, 134, 135, 136 or 137 or fragments thereof
with feruloyl esterase activity.

One aspect of the present disclosure relates to a process
for hydrolyzing a pretreated cellulosic material, including
saccharifying a pretreated cellulosic material treated and
refined according to the present disclosure with an enzyme
or enzyme composition including esterase and/or feruloyl
esterase. In embodiments, the process includes recovering
the saccharified pretreated cellulosic material from the sac-
charification. In embodiments, the saccharified cellulosic
material is a sugar such as glucose, xylose, mannose, galac-
tose, and arabinose.

One aspect of the present disclosure relates to a process
for producing a fermentation product, including:

(a) saccharifying a pretreated cellulosic material with an
enzyme composition, wherein the pretreated cellulosic
material is treated and refined according to the present
disclosure with an esterase and/or feruloyl esterase;

(b) fermenting the saccharified pretreated cellulosic mate-
rial with one or more (several) fermenting microorganisms
to produce the fermentation product; and
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(c) recovering the fermentation product from the fermen-
tation. In embodiments, the enzyme composition includes
one or more (several) enzymes selected from the group
consisting of a cellulase, a GH61 polypeptide having cel-
Iulolytic enhancing activity, a hemicellulase, an expansin, an
esterase, a laccase, a ligninolytic enzyme, a pectinase, a
peroxidase, a protease, and a swollenin. In embodiments, the
cellulase is one or more (several) enzymes selected from the
group consisting of an endoglucanase, a cellobiohydrolase,
and a beta-glucosidase. In embodiments, the hemicellulase
is one or more (several) enzymes selected from the group
consisting of a xylanase, an acetyxylan esterase, a feruloyl
esterase, an arabinofuranosidase, a xylosidase, and a glu-
curonidase.

Another aspect of the present disclosure relates to a
process for fermenting a pretreated cellulosic material,
including: fermenting a pretreated cellulosic material with
one or more (several) fermenting microorganisms, wherein
the pretreated cellulosic material is treated, refined, and/or
saccharified according to the present disclosure with esterase
and/or feruloyl esterase. In embodiments, the fermenting of
the pretreated cellulosic material produces a fermentation
product. In embodiments, the step of recovering the fermen-
tation product from the fermentation is included. In embodi-
ments, fermentation product is an alcohol, an organic acid,
a ketone, an amino acid, an alkane, a cycloalkane, an alkene,
or a gas.

Pretreatment of Cellulosic Material

Cellulosic material suitable for use in accordance with the
present disclosure is pretreated with any suitable method
known in the art. In embodiments, the cellulosic material
and/or the lignocellulose-containing material may according
to the present disclosure be pre-treated before being hydro-
lyzed and fermented. The goal of pretreatment is to separate
and/or release cellulose, hemicellulose and/or lignin and this
way improve the rate of enzymatic hydrolysis.

Without wishing to be bound by the present disclosure it
is believed that conventional pretreatment produces impu-
rities in the pretreated cellulosic materials and have a
deleterious effect on cellulase enzymes and/or enzyme
hydrolysis. Non-limiting examples of impurities or toxins to
the cellulase enzymes include one or more esters in the
pretreated cellulosic material. The present disclosure pro-
vides processes for processing pretreated cellulosic material
to improve hydrolysis of the pretreated cellulosic material.

Pretreatment of cellulosic material refers to any conven-
tional pre-treatment step known in the art. Pre-treatment
may take place in aqueous slurry or may be directly applied
to the cellulosic material in raw form. In embodiments, the
cellulose containing material may during pretreatment be
present in an amount between 10-80 wt. %, for example
between 20-50 wt.-% of the total weight of the pretreatment
reaction.

Chemical, Mechanical and/or Biological Pre-treatment

Non-limiting examples of pretreatment of cellulosic
material according to the present disclosure includes chemi-
cally, mechanically and/or biologically pre-treating cellu-
losic material before hydrolysis and/or fermentation.
Mechanical treatment (often referred to as physical pre-
treatment) may be used alone or in combination with sub-
sequent or simultaneous hydrolysis, especially enzymatic
hydrolysis, to promote the separation and/or release of
cellulose, hemicellulose and/or lignin.

In embodiments, the chemical, mechanical and/or bio-
logical pre-treatment is carried out prior to the hydrolysis
and/or fermentation. Alternatively, the chemical, mechanical
and/or biological pre-treatment is carried out simultaneously
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with hydrolysis, such as simultaneously with addition of one
or more cellulolytic enzymes, or other enzyme activities
mentioned below, to release fermentable sugars, such as
glucose and/or maltose.

In an embodiment of the present disclosure the pre-treated
cellulosic material is washed and/or detoxified in accordance
with the present disclosure before, during or after the
hydrolysis step. This may improve the fermentability of,
e.g., dilute-acid hydrolyzed lignocellulose-containing mate-
rial, such as corn stover. In accordance with the present
disclosure detoxification is carried out by contacting the
pretreated cellulosic material with an enzyme or enzyme
composition including an esterase and/or feruloyl esterase to
form a refined (enzyme) pretreated cellulosic material.

In accordance with the present disclosure detoxification is
carried out by contacting the pretreated cellulosic material
with an enzyme or enzyme composition including an
esterase and/or feruloyl esterase to form a refined (enzyme)
pretreated cellulosic material.

Chemical Pre-treatment

According to the present disclosure “chemical pre-treat-
ment” refers to any chemical treatment which promotes the
separation and/or release of cellulose, hemicellulose and/or
lignin. Non-limiting examples of suitable chemical pre-
treatment steps include treatment with; for example, dilute
acid, lime, alkaline, organic solvent, ammonia, sulphur
dioxide, carbon dioxide. Further, wet oxidation and pH-
controlled hydrothermolysis are also contemplated chemical
pre-treatments.

In embodiments, the chemical pre-treatment is acid treat-
ment, for example, a continuous dilute and/or mild acid
treatment, such as, treatment with sulfuric acid, or another
organic acid, such as acetic acid, citric acid, tartaric acid,
succinic acid, or mixtures thereof. Other acids may also be
used. Mild acid treatment means in the context of the present
disclosure that the treatment pH lies in the range from 1-5,
for example from pH 1-3. In a specific embodiment the acid
concentration is in the range from 0.1 to 2.0 wt % acid, for
example sulphuric acid. The acid may be mixed or contacted
with the material to be fermented according to the present
disclosure and the mixture may be held at a temperature in
the range of 160-220° C., for example 165-195° C., for
periods ranging from minutes to seconds, e.g., 1-60 minutes,
for example 2-30 minutes or 3-12 minutes. Addition of
strong acids, such as sulphuric acid, may be applied to
remove hemicellulose. This enhances the digestibility of
cellulose.

Cellulose solvent treatment, also contemplated according
to the present disclosure, has been shown to convert about
90% of cellulose to glucose. It has also been shown that
enzymatic hydrolysis could be greatly enhanced when the
lignocellulosic structure is disrupted. Alkaline H,O,, ozone,
organosolv (uses Lewis acids, FeCl;, (Al),SO, in aqueous
alcohols), glycerol, dioxane, phenol, or ethylene glycol are
among solvents known to disrupt cellulose structure and
promote hydrolysis (Mosier et al. Bioresource Technology
96 (2005), p. 673-686).

Alkaline chemical pre-treatment with base, e.g., NaOH,
Na,CO; and/or ammonia or the like, is also within the scope
of the present disclosure. Pre-treatment methods using
ammonia are described in, e.g.,, WO 2006/110891, WO
2006/11899, WO 2006/11900, WO 2006/110901, which are
hereby incorporated by reference in their entirety.

Wet oxidation techniques involve use of oxidizing agents,
such as: sulphite based oxidizing agents or the like. Non-
limiting examples of solvent pre-treatments include treat-
ment with DMSO (Dimethyl Sulfoxide) or the like. Chemi-
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cal pre-treatment is generally carried out for 1 to 60 minutes,
such as from 5 to 30 minutes, but may be carried out for
shorter or longer periods of time dependent on the material
to be pre-treated.

Other non-limiting examples of suitable pre-treatment
methods are described by Schell et al., 2003, Appl. Biochem
and Biotechn. Vol. 105-108: 69-85, and Mosier et al., 2005,
Bioresource Technology 96: 673-686, and US publication
no. 2002/0164730, which references are hereby all incorpo-
rated by reference in their entirety.

In accordance with the present disclosure detoxification is
carried out by contacting the pretreated cellulosic material
with an enzyme or enzyme composition including an
esterase and/or feruloyl esterase to form a refined (enzyme)
pretreated cellulosic material.

Mechanical Pre-treatment

As used in context of the present disclosure the term
“mechanical pre-treatment” refers to any mechanical or
physical pre-treatment which promotes the separation and/or
release of cellulose, hemicellulose and/or lignin from ligno-
cellulose-containing material. Non-limiting examples of
mechanical pre-treatment includes various types of milling,
irradiation, steaming/steam explosion, and hydrothermoly-
sis.

Mechanical pre-treatment includes comminution (me-
chanical reduction of the particle size). Comminution
includes dry milling, wet milling and vibratory ball milling.
Mechanical pre-treatment may involve high pressure and/or
high temperature (steam explosion). In an embodiment of
the present disclosure high pressure means pressure in the
amount of 300 to 600 psi, for example 400 to 500 psi, or for
example around 450 psi. In an embodiment of the present
disclosure high temperature means temperatures in the
amount of from about 100 to 300° C., for example from
about 140 to 235° C. In embodiments, mechanical pre-
treatment is a batch-process, steam gun hydrolyzer system
which uses high pressure and high temperature as defined
above. A Sunds Hydrolyzer (available from Sunds Defibra-
tor AB (Sweden) may be used for this.

In accordance with the present disclosure detoxification is
carried out by contacting the pretreated cellulosic material
with an enzyme or enzyme composition including an
esterase and/or feruloyl esterase to form a refined (enzyme)
pretreated cellulosic material.

Combined Chemical and Mechanical Pre-treatment

In embodiments of the present disclosure, both chemical
and mechanical pre-treatments are carried out involving, for
example, both dilute or mild acid pretreatment and high
temperature and pressure treatment. The chemical and
mechanical pretreatment may be carried out sequentially or
simultaneously, as desired.

Accordingly, in embodiments, the cellulose containing
material is subjected to both chemical and mechanical
pre-treatment to promote the separation and/or release of
cellulose, hemicellulose and/or lignin.

In embodiments the pre-treatment is carried out as a dilute
and/or mild acid steam explosion step. In embodiments,
pre-treatment is carried out as an ammonia fiber explosion
step (or AFEX pretreatment step).

In accordance with the present disclosure detoxification is
carried out by contacting the pretreated cellulosic material
with an enzyme or enzyme composition including an
esterase and/or feruloyl esterase to form a refined (enzyme)
pretreated cellulosic material.

Biological Pre-treatment

As used in the present disclosure the term “biological

pre-treatment” refers to any biological pre-treatment which
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promotes the separation and/or release of cellulose, hemi-
cellulose, and/or lignin from the lignocellulose-containing
material. Biological pre-treatment techniques can involve
applying lignin-solubilizing microorganisms (see, for
example, Hsu, T.-A., 1996, Pretreatment of biomass, in
Handbook on Bioethanol: Production and Utilization,
Wyman, C. E., ed., Taylor & Francis, Washington, D.C.,
179-212; Ghosh, P., and Singh, A., 1993, Physicochemical
and biological treatments for enzymatic/microbial conver-
sion of lignocellulosic biomass, Adv. Appl. Microbiol. 39:
295-333; McMillan, J. D., 1994, Pretreating lignocellulosic
biomass: a review, in Enzymatic Conversion of Biomass for
Fuels Production, Himmel, M. E., Baker, J. O., and Over-
end, R. P, eds., ACS Symposium Series 566, American
Chemical Society, Washington, D.C., chapter 15; Gong, C.
S., Cao, N. I, Du, J, and Tsao, G. T., 1999, Ethanol
production from renewable resources, in Advances in Bio-
chemical Engineering/Biotechnology, Scheper, T., ed.,
Springer-Verlag Berlin Heidelberg, Germany, 65: 207-241;
Olsson, L., and Hahn-Hagerdal, B., 1996, Fermentation of
lignocellulosic hydrolysates for ethanol production, Enz.
Microb. Tech. 18: 312-331; and Vallander, L., and Eriksson,
K.-E. L., 1990, Production of ethanol from lignocellulosic
materials: State of the art, Adv. Biochem. Eng./Biotechnol.
42: 63-95).

In embodiments, biological pre-treatment involves apply-
ing lignin degrading enzymes to lignin or pretreated mate-
rial. Non-limiting examples of suitable lignin degrading
enzymes include one or more lignolytic enzymes, one or
more oxidoreductases, and combinations thereof. Non-lim-
iting examples of lignolytic enzymes include manganese
peroxidase, lignin peroxidase and cellobiose dehydrogenase,
and combinations thereof. Non-limiting examples of suit-
able pretreatment enzymes also include one ore more lac-
cases, cellobiose dehydrogenases and combinations thereof.

In embodiments, lignin peroxidase such as “ligninase”,
EC number 1.14.99, is suitable for use in accordance with
the present disclosure.

In one embodiment, Fthazyme™ Pre available from
Zymetis is suitable for use in pretreatment in accordance
with the present disclosure.

In accordance with the present disclosure detoxification is
carried out by contacting the pretreated cellulosic material
with an enzyme and/or enzyme composition including an
esterase and/or feruloyl esterase to form a refined (enzyme)
pretreated cellulosic material.

Treatment of Pretreated Cellulosic Material

The present disclosure relates to a process for enzymatic
refining of a pretreated cellulosic material, comprising or
consisting of (a) contacting the pretreated cellulosic material
with an esterase enzyme or esterase enzyme composition to
form a refined pretreated cellulosic material. Without wish-
ing to be bound by the present disclosure it is believed that
the pretreatment of cellulosic material increases impurities
within the cellulosic material that can diminish enzyme
hydrolysis of the material. For examples, esters can be
present in the pretreated cellulosic material in an amount
sufficient to have a negative affect on the cellulase enzymes
used in hydrolysis. The present disclosure provides enzymes
and enzyme compositions and methods for treating, remov-
ing or eliminating toxins in the pretreated cellulosic mate-
rial. The process includes applying a predetermined amount
of esterase enzyme to pretreated cellulosic material in need
of treatment, including pretreated cellulosic material with
cellulase inhibiting amounts of esters therein.

Accordingly, esterase(s) and/or esterase compositions in
accordance with the present disclosure provide a treatment
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of esters and/or toxins in which the major active ingredient
is esterase enzyme such as feruloyl esterase. In embodi-
ments, compositions in accordance with the present disclo-
sure include feruloyl esterase in a commercially available
form.

In embodiments, esterase or esterase compositions in
accordance with the present disclosure can be applied to
pretreated cellulosic material in need of improvement e.g.,
such as the reduction or elimination of an undesirable toxin
such one or more esters. As used herein the word “treat,”
“treating” or “treatment” refers to using the one or more
esterase or esterase compositions of the present disclosure
prophylactically to prevent toxins such as esters from accu-
mulating in pretreated cellulosic material, or to ameliorate
an existing toxic condition, and/or promote or extend the
cellulase activity of cellulase enzyme used to hydrolyze the
pretreated cellulosic material. A number of different treat-
ments are now possible, which reduce and/or eliminate
toxins from the pretreated cellulose material and/or liquor
separated from the pretreated cellulosic material.

Treatments in accordance with the present disclosure
contact pretreated cellulose material, or a portion isolated
there from such as a liquid stream, with one or more active
esterase enzymes such as feruloyl esterase in accordance
with the present disclosure in an effective amount to improve
the toxic conditions. In embodiments, pretreated cellulosic
material or a portion isolated therefrom is/are treated by
contacting the toxic material with one or more feruloyl
esterase in accordance with the present disclosure. The
esterase ingredient or composition is applied until the treat-
ment goals are obtained. However, the duration of the
treatment can vary depending on the severity of the toxic
condition or amount of ester(s) present in the sample. For
example, treatments can last several minutes to days
depending on whether the goal of treatment is to reduce or
eliminate the toxic condition.

In embodiments, the esterase enzyme or esterase compo-
sition comprises, or consists of one or more (several)
enzymes selected from the group consisting of an esterase
and feruloyl esterase. The esterase compositions can com-
prise any esterase protein that is useful in detoxifying a
pretreated cellulosic material.

In embodiments, feruloyl esterase is suitable for use in
accordance with the present disclosure which refers gener-
ally to a 4-hydroxy-3-methoxycinnamoyl-sugar hydrolase
(EC 3.1.1.73) that catalyzes the hydrolysis of the 4-hydroxy-
3-methoxycinnamoyl (feruloyl) group from an esterified
sugar, which is usually arabinose in “natural” substrates, to
produce ferulate (4-hydroxy-3-methoxycinnamate). Feru-
loyl esterase is also known as ferulic acid esterase, hydroxy-
cinnamoyl esterase, FAE-III, cinnamoyl ester hydrolase,
FAEA, cinnAE, FAE-L, or FAE-II. Non-limiting examples of
feruloyl esterase for use in accordance with the present
disclosure are set forth below. For purposes of the present
invention, feruloyl esterase activity is determined using 0.5
mM p-nitrophenylferulate as substrate in 50 mM sodium
acetate pH 5.0. One unit of feruloyl esterase equals the
amount of enzyme capable of releasing 1 umole of p-nitro-
phenolate anion per minute at pH 5, 25° C.

Non-limiting examples of esterase useful in the present
invention include, but are not limited to, FAE-I from Humi-
cola, FAE from Asp. Niger, FAE from Asp. Oryzae, FAE
from Chaetomium globusam, and esterase from Asp. Oryzae
or fragments of these with esterase or feruloyl esterase
activity.

Additional non-limiting examples of esterase for use in
accordance with the present disclosure include feruloyl
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esterase as described in US Patent Publication No. 2010/
0122380 Al, EP1752533-A1 and W(09814594-A2 all of
which are herein incorporated by reference in their entirety.
Suitable esterase comprises amino acid sequences that have
a degree of sequence identity to the feruloyl esterase of each
of US Patent Publication No. 2010/0122380 Al,
EP1752533-A1 and WO9814594-A2 of at least 60%, e.g., at
least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, or at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or at least 100% or an active
fragment thereof having feruloyl esterase activity.

In an aspect of the present disclosure, the esterase com-
prises an amino acid sequence that has a degree of sequence
identity to the mature polypeptide of SEQ ID NO: 133, SEQ
ID NO: 134, SEQ ID NO: 135, SEQ ID NO: 136 or SEQ ID
NO: 137 of at least 60%, e.g., at least 65%, at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, or at least
95%, at least 96%, at least 97%, at least 98%, at least 99%,
or at least 100% or an active fragment thereof having
esterase activity or feruloyl esterase activity. In embodi-
ments, suitable esterase for use in accordance with the
present disclosure include the mature polypeptide of SEQ ID
NO: 133, SEQ ID NO: 134, SEQ ID NO: 135, SEQ ID NO:
136 or SEQ ID NO: 137 or an active fragment thereof
having esterase activity. In embodiments, suitable esterase
for use in accordance with the present disclosure include 2
or more of the mature polypeptide of SEQ ID NO: 133, SEQ
ID NO: 134, SEQ ID NO: 135, SEQ ID NO: 136 or SEQ ID
NO: 137 in combination.

In an aspect, the esterase of the present disclosure is an
artificial variant comprising a substitution, deletion, and/or
insertion of one or more (or several) amino acids of the
mature polypeptide of SEQ ID NO: 133, SEQ ID NO: 134,
SEQ ID NO: 135, SEQ ID NO: 136 or SEQ ID NO: 137, or
a homologous sequence thereof.

Preferably, amino acid changes are of a minor nature, that
is conservative amino acid substitutions or insertions that do
not significantly affect the folding and/or activity of the
protein; small deletions, typically of one to about 30 amino
acids; small amino- or carboxyl-terminal extensions, such as
an amino-terminal methionine residue; a small linker pep-
tide of up to about 20-25 residues; or a small extension that
facilitates purification by changing net charge or another
function, such as a poly-histidine tract, an antigenic epitope
or a binding domain.

Examples of conservative substitutions are within the
group of basic amino acids (arginine, lysine and histidine),
acidic amino acids (glutamic acid and aspartic acid), polar
amino acids (glutamine and asparagine), hydrophobic amino
acids (leucine, isoleucine and valine), aromatic amino acids
(phenylalanine, tryptophan and tyrosine), and small amino
acids (glycine, alanine, serine, threonine and methionine).
Amino acid substitutions that do not generally alter specific
activity are known in the art and are described, for example,
by H. Neurath and R. L. Hill, 1979, In, The Proteins,
Academic Press, New York. The most commonly occurring
exchanges are Ala/Ser, Val/lle, Asp/Glu, Thr/Ser, Ala/Gly,
Ala/Thr, Ser/Asn, Ala/Val, Ser/Gly, Tyr/Phe, Ala/Pro, Lys/
Arg, Asp/Asn, Lew/lle, Leu/Val, Ala/Glu, and Asp/Gly.

Alternatively, the amino acid changes are of such a nature
that the physico-chemical properties of the polypeptides are
altered. For example, amino acid changes may improve the
thermal stability of the polypeptide, alter the substrate
specificity, change the pH optimum, and the like.
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Essential amino acids in a parent polypeptide can be
identified according to procedures known in the art, such as
site-directed mutagenesis or alanine-scanning mutagenesis
(Cunningham and Wells, 1989, Science 244: 1081-1085). In
the latter technique, single alanine mutations are introduced
at every residue in the molecule, and the resultant mutant
molecules are tested for cellulolytic enhancing activity to
identify amino acid residues that are critical to the activity
of the molecule. See also, Hilton et al., 1996, J. Biol. Chem.
271: 4699-4708. The active site of the enzyme or other
biological interaction can also be determined by physical
analysis of structure, as determined by such techniques as
nuclear magnetic resonance, crystallography, electron dif-
fraction, or photoaffinity labeling, in conjunction with muta-
tion of putative contact site amino acids. See, for example,
de Vos etal., 1992, Science 255: 306-312; Smith et al., 1992,
J. Mol. Biol. 224: 899-904; Wlodaver et al., 1992, FEBS
Lett. 309: 59-64. The identities of essential amino acids can
also be inferred from analysis of identities with polypeptides
that are related to the parent polypeptide.

Single or multiple amino acid substitutions, deletions,
and/or insertions can be made and tested using known
methods of mutagenesis, recombination, and/or shuffling,
followed by a relevant screening procedure, such as those
disclosed by Reidhaar-Olson and Sauer, 1988, Science 241:
53-57; Bowie and Sauver, 1989, Proc. Natl. Acad. Sci. USA
86: 2152-2156; WO 95/17413; or WO 95/22625. Other
methods that can be used include error-prone PCR, phage
display (e.g., Lowman et al., 1991, Biochemistry 30: 10832-
10837; U.S. Pat. No. 5,223,409; WO 92/06204), and region-
directed mutagenesis (Derbyshire et al., 1986, Gene 46: 145;
Ner et al., 1988, DNA 7: 127).

Mutagenesis/shuffling methods can be combined with
high-throughput, automated screening methods to detect
activity of cloned, mutagenized polypeptides expressed by
host cells (Ness et al., 1999, Nature Biotechnology 17:
893-896). Mutagenized DNA molecules that encode active
polypeptides can be recovered from the host cells and
rapidly sequenced using standard methods in the art. These
methods allow the rapid determination of the importance of
individual amino acid residues in a polypeptide.

In embodiments, the total number of amino acid substi-
tutions, deletions and/or insertions of the mature polypeptide
of SEQ ID NO: 133, SEQ ID NO: 134, SEQ ID NO: 135,
SEQ ID NO: 136 or SEQ ID NO: 137 is not more than 10,
eg.,1,2,3,4,5,6,7,8,9 or 10.

In embodiments, suitable esterase enzyme composition
for use in accordance with the present disclosure comprises,
or consists of SEQ ID. NO: 133, SEQ ID. NO: 134, SEQ ID.
NO: 135, SEQ ID. NO: 136 or SEQ ID NO: 137 or active
fragments thereof having esterase activity.

In embodiments, suitable esterase enzyme for use in
accordance with the present disclosure comprises, or con-
sists of FAE(1), FAE-A, FAE-C, and FAE-D or an active
fragment thereof having esterase activity.

One or more (several) components of the esterase enzyme
or esterase composition for use in accordance with the
present disclosure may be wild-type proteins, recombinant
proteins, or a combination of wild-type proteins and recom-
binant proteins. For example, one or more (several) com-
ponents may be native proteins of a cell, which is used as a
host cell to express recombinantly one or more (several)
other components of the esterase composition. One or more
(several) components of the esterase composition may be
produced as monocomponents, which are then combined to
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form the enzyme composition. The enzyme composition
may be a combination of multicomponent and monocom-
ponent protein preparations.

The esterases used in the processes of the present disclo-
sure may be in any form suitable for use, such as, for
example, a crude fermentation broth with or without cells
removed, a cell lysate with or without cellular debris, a
semi-purified or purified enzyme preparation, or a host cell
as a source of the esterases. The esterase composition may
be a dry powder or granulate, a non-dusting granulate, a
liquid, a stabilized liquid, or a stabilized protected enzyme.
Liquid esterase preparations may, for instance, be stabilized
by adding stabilizers such as a sugar, a sugar alcohol or
another polyol, and/or lactic acid or another organic acid
according to established processes.

The esterase can be derived or obtained from any suitable
origin, including, bacterial, fungal, yeast, plant, or mamma-
lian origin. The term “obtained” means herein that the
esterase may have been isolated from an organism that
naturally produces the esterase as a native enzyme. The term
“obtained” also means herein that the enzyme may have
been produced recombinantly in a host organism employing
methods described herein, wherein the recombinantly pro-
duced esterase is either native or foreign to the host organ-
ism or has a modified amino acid sequence, e.g., having one
or more (several) amino acids that are deleted, inserted
and/or substituted, i.e., a recombinantly produced enzyme
that is a mutant and/or a fragment of a native amino acid
sequence or an enzyme produced by nucleic acid shuffling
processes known in the art. Encompassed within the mean-
ing of a native enzyme are natural variants and within the
meaning of a foreign enzyme are variants obtained recom-
binantly, such as by site-directed mutagenesis or shuffling.

In embodiments, the treatment in accordance with the
present disclosure includes a step of separating a liquor or
liquid portion from the pretreated cellulosic material. With-
out wishing to be bound by the present disclosure, it is
believed that a liquid fraction or liquor from the pretreated
cellulosic material may contain the toxins such as esters
toxic to the hydrolysis and/or cellulase enzymes. In accor-
dance with the present disclosure, esterase enzyme compo-
sition comprises, or consists of one or more (several)
enzymes selected from the group consisting of an esterase
and feruloyl esterase, or active fragments thereof having
esterase activity can be applied to liquid isolate or liquor.
This liquor can then be added back to the pre-treated
cellulosic material for an effective treatment thereof. For
example, it is possible to contact the liquor with feruloyl
esterase and recycle the liquor. The recycled and treated
liquor can be recycled to a new pretreatment of pretreated
cellulosic material with the esterase composition or used
alone for the purpose of hydrolysis and/or fermentation.

Treatments in accordance with the present disclosure are
not limited to direct treatment of the pretreated cellulosic
material. It is envisioned that processes in accordance with
the present disclosure include, comprise, or consist of post-
treating the refined pretreated cellulosic material with an
enzymatic pre-treatment, chemical pre-treatment, mechani-
cal pre-treatment and/or a physical pretreatment.

In embodiments, the treatments in accordance with the
present disclosure include, comprise or consist of recovering
the refined enzyme pretreated cellulosic material. The
refined pretreated cellulosic material has improved qualities
as a substrate for hydrolysis.

In embodiments, the contacting or treating with enzyme
compositions such as esterase and feruloyl esterase is per-
formed with a sufficient amount of enzyme per gram (g) of
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pretreated cellulosic material. In embodiments, composi-
tions for use in accordance with the present invention
contain esterase enzyme such as feruloyl esterase in an
effective amount to improve hydrolysis of the pretreated
cellulosic material. As used herein “effective amount” refers
to an amount of esterase or esterase composition having
esterase constituents in accordance with the present disclo-
sure sufficient to induce a particular positive benefit to the
pretreated cellulosic material composition or portion
thereof. The positive benefit can be toxin related, or it can
relate more to the nature of enzyme hydrolysis, or it may be
a combination of the two. In embodiments, the positive
benefit is achieved by contacting the pretreated cellulosic
material or a portion thereof with an esterase or esterase
composition to improve the pretreated cellulosic materials
condition in order to improve its hydrolysis performance.
For example, the amount of enzyme added in accordance
with the present disclosure includes an amount sufficient to
detoxify the pretreated cellulosic material such that hydro-
lysis thereof can be improved. Non-limiting examples of
improvements include a reduction of ester toxins in the
pretreated cellulosic material and/or an increase in the
amount of sugar formed during the hydrolysis of the mate-
rial. In embodiments, the amount of esters and/or toxins in
the pretreated cellulosic material is reduced by an amount of
1-10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or
100%. The reduction of esters and toxins can be measured
by any suitable analytical method known in the art such as
HPLC. In embodiments, the amount of esters and/or toxins
in the pretreated cellulosic material is reduced by an amount
of: 10-30% of the total amount of esters or toxins present,
20-40% of the total amount of esters or toxins present,
40-50% of the total amount of esters or toxins present,
50-60% of the total amount of esters or toxins present,
60-70% of the total amount of esters or toxins present,
70-80% of the total amount of esters or toxins present,
80-90% of the total amount of esters or toxins present, or
90-100% of the total amount of esters or toxins present. In
embodiments, the improvement could refer to an increased
amount of hydrolysis product, such as sugar, greater than the
amount of hydrolysis product produced compared to the use
of pretreated cellulosic material hydrolyzed but not treated
in accordance with the present disclosure. In embodiments,
the amount of hydrolysis product or sugar is increased 1.1,
12,13,1.4,15,1.6,1.7,1.8, 1.9 or 2 times more than the
amount of hydrolysis product produced compared to use of
pretreated cellulosic material hydrolyzed, but not treated in
accordance with the present disclosure. In embodiments, the
amount of hydrolysis product or sugar is increased 3, 4, 5,
6,7, 8,8, 9 or 10 times more than the amount of hydrolysis
product produced compared to use of pretreated cellulosic
material hydrolyzed but not treated in accordance with the
present disclosure. Non-limiting suitable amounts of
enzyme such as esterase and feruloyl esterase for use in
accordance with the present disclosure include about 0.0005
to about 5 mg, e.g., about 0.001 to about 5 mg, about 0.0025
to about 5 mg, about 0.005 to about 5 mg, about 0.005 to
about 4.5 mg, about 0.005 to about 4 mg, about 0.005 to
about 3.5 mg, about 0.005 to about 3 mg, about 0.005 to
about 2 mg, about 0.005 to about 1 mg, about 0.075 to about
1 mg, or about 0.1 to about 1 mg of enzyme per g of
pretreated cellulosic material, or per mL of liquor separated
from the pretreated cellulosic material. In embodiments,
suitable amounts of enzyme such as esterase and feruloyl
esterase for use in accordance with the present disclosure
include about 0.0005 to about 5 mg, e.g., about 0.001 to
about 5 mg, about 0.0025 to about 5 mg, about 0.005 to
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about 5 mg, about 0.005 to about 4.5 mg, about 0.005 to
about 4 mg, about 0.005 to about 3.5 mg, about 0.005 to
about 3 mg, about 0.005 to about 2 mg, about 0.005 to about
1 mg, about 0.075 to about 1 mg, or about 0.1 to about 1 mg
of enzyme per mL of liquor separated from the pretreated
cellulosic material.

In embodiments, treatments in accordance with the pres-
ent invention comprise, consist of, or include an amount of
pretreated cellulosic material sufficient to be useful in addi-
tional reactions. For example, treatments and contacting of
pretreated cellulosic material is performed with an amount
of pretreated cellulosic material such that treatments are
performed with a total solids (TS) of about 1% to about 50%
e.g., about 2% to about 40%, about 2% to about 35%, about
3% to about 30%, about 3% to about 25%, about 4% to about
20%, or about 5% to about 10%. In embodiments, treatments
are performed with a total solids (TS) of about 1%, 2%, 3%,
4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%,
15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%,
25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%,
35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%,
45%, 46%, 47%, 48%, 49% or 50%.

In embodiments, the contacting or treating the pretreated
cellulosic material with esterase enzyme or esterase com-
position is performed at a pH suitable for the esterase
enzyme. Non-limiting examples of suitable pH’s include
contacting or the treating with the esterase enzyme compo-
sition at a pH of about 2 to about 9, e.g., about 3 to about 8,
about 3 to about 7.5, about 3.5 to about 7, about 4 to about
6.5, about 4.5 to about 6.5, about 4.5 to about 6.0, about 5
to about 6.0, or about 5 to about 5.5. In embodiments the pH
is2.0,2.1,2.2,23,24,25,26,2.7,2.8,2.9,3.0,3.1,3.2,
3.3,3.4,3.5,3.6,3.7,3.8,3.9,4.0,4.1,4.2,4.3,4.4,4.5,4.6,
47,48,4.9,50,51,5.2,53,54,5.5,5.6,5.7,5.8,5.9, 6.0,
6.1,6.2,6.3,64,6.5,6.6,6.7,6.8,69,7.0,7.1,7.2,7.3,7 4,
7.5,76,7.7,78,7.9,8.0,8.1,8.2,8.3,84,85,8.6,8.7, 838,
8.9 or 9.0. In embodiments, examples of suitable pH’s
include contacting or the treating with the esterase enzyme
composition at a pH of 2 t0 9, e.g., 310 8,3 t0 7.5,3.5 t0
7,410 6.5,4.510 6.5,4.51t0 6.0, 510 6.0, or 5 to 5.5.

In embodiments, the contacting or treating the pretreated
cellulosic material with esterase enzyme composition is
performed at a temperature suitable for the esterase enzyme.
Non-limiting examples of suitable temperatures include a
temperature in the range of about 20° C. to about 70° C.,
e.g., about 25° C. to about 65° C., about 30° C. to about 65°
C., about 35° C. to about 65° C., about 40° C. to about 60°
C., about 45° C. to about 55° C., or about 45° C. to about 50°
C. In embodiments, a suitable temperature is 46° C., 47° C.,
48° C., 49° C., 50° C,, 51° C,, 52° C,, 53° C,, 54° C,, 55°
C.,56°C.,57°C., 58°C., 59°C., 60°C.,61°C., 62°C., 63°
C., 64° C., 65° C., 66° C., 67° C., 68° C., 69° C., 70° C.

In embodiments, the contacting or treating the pretreated
cellulosic material with esterase enzyme composition is
performed for a duration suitable for the esterase enzyme to
react on esters or toxins in the pretreated cellulosic material
composition. Non-limiting examples of suitable durations
include a period of time of 5 minutes to 35 hours, e.g., 10
minutes to 15 hours, 10 hours to 15 hours, 10 hours to 20
hours, 10 hours to 24 hours, 20 hours to 24 hours, 24 hours
to 30 hours. In embodiments, the duration is 1, 2, 3, 4, 5, 6,
7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 48, 72 hours.

The esterase treatment is generally performed in tanks
under controlled pH, temperature, and conditions as
described herein. In embodiments, the contacting or treating
the pretreated cellulosic material with esterase enzyme or
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enzyme composition is performed with an amount of pre-
treated cellulosic material described herein, with an amount
of enzyme such as esterase and feruloyl esterase described
herein, at a pH, temperature and duration in accordance with
the present disclosure. Various modification of the amounts
used herein can be used to optimize the performance of the
esterase in removing the toxins and/or increasing enzyme
hydrolysis yields. In embodiments, esterase treatment is
preferably carried out in a suitable aqueous environment
under conditions that can be readily determined by one
skilled in the art. In a preferred aspect, esterase treatment is
performed under conditions suitable for the activity of the
esterase(s), i.e., optimal for the esterase(s). The esterase
treatment can be carried out as a fed batch or continuous
process where the pretreated cellulosic material (substrate)
is fed gradually to, for example, an esterase containing
solution.

In embodiments, the process of the present disclosure
includes a process for enzymatic refining of a pretreated
cellulosic material, comprising, consisting of or including:

(a) processing the pretreated cellulosic material to form a

solid/liquid mixture of pretreated cellulosic material;

(b) separating a liquor from the solid/liquid mixture of

pretreated cellulosic material; and

(c) treating the liquor with a feruloyl esterase treatment.

In embodiments, the process further includes, comprises,
or consists of returning the treated liquor to the pretreated
cellulosic material. Here, the process of the present disclo-
sure can be repeated, such that various liquor isolates can be
consolidated to form a batch.

In embodiments the present disclosure relates to a process
for hydrolyzing a pretreated cellulosic material, comprising
saccharifying a pretreated cellulosic material treated and
refined according to the processes of the present disclosure
including an esterase enzyme or esterase composition of the
present disclosure. In embodiments the hydrolysis is carried
out using enzyme composition including one or more (sev-
eral) enzymes selected from the group consisting of a
cellulase, a GH61 polypeptide having cellulolytic enhancing
activity, a hemicellulase, an expansin, an esterase, a laccase,
a ligninolytic enzyme, a pectinase, a peroxidase, a protease,
and a swollenin. In embodiments, the cellulase is one or
more (several) enzymes selected from the group consisting
of an endoglucanase, a cellobiohydrolase, and a beta-glu-
cosidase. In embodiments, the hemicellulase is one or more
(several) enzymes selected from the group consisting of a
xylanase, an acetyxylan esterase, a feruloyl esterase, an
arabinofuranosidase, a xylosidase, a beta-xylosidase and a
glucuronidase.

In embodiments, the process further includes the steps
comprising or consisting of recovering the saccharified
pretreated cellulosic material from the saccharification. In
embodiments, the saccharified cellulosic material is a sugar.
Non-limiting examples of sugars include glucose, xylose,
mannose, galactose, and arabinose.

In embodiments, the present disclosure relates to a pro-
cess for producing a fermentation product, comprising or
consisting of: (a) saccharifying a pretreated cellulosic mate-
rial, treated with an esterase or esterase enzyme composition
in accordance with the present disclosure. Here saccharifi-
cation is performed using an enzyme composition suitable
for saccharification. In embodiments, enzymes suitable for
saccharification include one or more (several) enzymes
selected from the group consisting of a cellulase, a GH61
polypeptide having cellulolytic enhancing activity, a hemi-
cellulase, an expansin, an esterase, a laccase, a ligninolytic
enzyme, a pectinase, a peroxidase, a protease, and a swol-
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lenin. In embodiments, cellulase is one or more (several)
enzymes selected from the group consisting of an endoglu-
canase, a cellobiohydrolase, and a beta-glucosidase. In
embodiments, hemicellulase is one or more (several)
enzymes selected from the group consisting of a xylanase,
an acetyxylan esterase, a feruloyl esterase, an arabinofura-
nosidase, a xylosidase, and a glucuronidase. The next step
includes (b) fermenting the saccharified pretreated cellulosic
material with one or more (several) fermenting microorgan-
isms to produce the fermentation product; and (c) recovering
the fermentation product from the fermentation. In embodi-
ments, the steps (a) (saccharifying a pretreated cellulosic
material (wherein the pretreated cellulosic material is con-
tacted, treated or refined in accordance with the present
disclosure using esterase) and (b) (fermenting the sacchari-
fied pretreated cellulosic material with one or more (several)
fermenting microorganisms to produce the fermentation
product) are performed simultaneously in a simultaneous
saccharification and fermentation. In embodiments, the fer-
mentation product is an alcohol, an organic acid, a ketone,
an amino acid, an alkane, a cycloalkane, an alkene, or a gas.

The present disclosure further relates to a process for
fermenting a pretreated cellulosic material, comprising or
consisting of: fermenting a pretreated cellulosic material
with one or more (several) fermenting microorganisms,
wherein the pretreated cellulosic material is treated, refined,
and/or saccharified according to the present disclosure. In
embodiments, the fermenting of the pretreated cellulosic
material produces a fermentation product. In embodiments,
the process comprises or consists of a step of recovering the
fermentation product from the fermentation. In embodi-
ments, the fermentation product is an alcohol, an organic
acid, a ketone, an amino acid, an alkane, a cycloalkane, an
alkene, or a gas.

In embodiments, processes of the present disclosure are
preferably used on non-woody pretreated cellulosic materi-
als or non-woody feedstock. Non-limiting examples of
non-woody pretreated cellulosic materials include pretreated
stems, leaves, hulls, husks, and cobs of plants or leaves. The
non-woody cellulosic material can be, but is not limited to,
herbaceous material, agricultural residue, dedicated energy
crop, municipal solid waste, waste paper, and pulp and paper
mill residue. In one aspect, the cellulosic material is a
non-woody herbaceous material. In another aspect, the cel-
Iulosic material is a non-woody agricultural residue. In one
aspect, the cellulosic material is a non-woody energy crop.
In one aspect of the invention, woody feedstock is excluded
from use as a suitable feedstock or cellulosic material in
accordance with the present disclosure.

Saccharification

In the hydrolysis step, also known as saccharification, the
cellulosic material, i.e., pretreated, is hydrolyzed to break
down cellulose and alternatively also hemicellulose to fer-
mentable sugars, such as glucose, cellobiose, xylose, xylu-
lose, arabinose, mannose, galactose, and/or soluble oli-
gosaccharides. The hydrolysis is performed enzymatically
by an enzyme composition. The enzyme and protein com-
ponents of the compositions can be added sequentially.

Enzymatic hydrolysis is preferably carried out in a suit-
able aqueous environment under conditions that can be
readily determined by one skilled in the art. In a preferred
aspect, hydrolysis is performed under conditions suitable for
the activity of the enzyme(s), i.e., optimal for the enzyme(s).
The hydrolysis can be carried out as a fed batch or continu-
ous process where the pretreated cellulosic material (sub-
strate) is fed gradually to, for example, an enzyme contain-
ing hydrolysis solution.
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The saccharification is generally performed in stirred-tank
reactors or fermentors under controlled pH, temperature, and
mixing conditions. Suitable process time, temperature and
pH conditions can readily be determined by one skilled in
the art. For example, the saccharification can last up to 200
hours, but is typically performed for preferably about 12 to
about 96 hours, more preferably about 16 to about 72 hours,
and most preferably about 24 to about 48 hours. The
temperature is in the range of preferably about 25° C. to
about 70° C., more preferably about 30° C. to about 65° C.,
and more preferably about 40° C. to 60° C., in particular
about 50° C. The pH is in the range of preferably about 3 to
about 8, more preferably about 3.5 to about 7, and most
preferably about 4 to about 6, in particular about pH 5. The
dry solids content is in the range of preferably about 5 to
about 50 wt %, more preferably about 10 to about 40 wt %,
and most preferably about 20 to about 30 wt %.

The optimum amounts of the enzymes depend on several
factors including, but not limited to, the mixture of compo-
nent cellulolytic enzymes, the cellulosic material, the con-
centration of the cellulosic material, the pretreatment(s) of
the cellulosic material, temperature, time, pH, and inclusion
of fermenting organism (e.g., yeast for Simultaneous Sac-
charification and Fermentation).

In one aspect, an effective amount of cellulolytic or
hemicellulolytic enzyme protein to cellulosic material is
about 0.5 to about 50 mg, preferably at about 0.5 to about 40
mg, more preferably at about 0.5 to about 25 mg, more
preferably at about 0.75 to about 20 mg, more preferably at
about 0.75 to about 15 mg, even more preferably at about 0.5
to about 10 mg, and most preferably at about 2.5 to about 10
mg per g of cellulosic material.

In another aspect, an effective amount of a GH61 poly-
peptide having cellulolytic enhancing activity to cellulosic
material is about 0.01 to about 50.0 mg, preferably about
0.01 to about 40 mg, more preferably about 0.01 to about 30
mg, more preferably about 0.01 to about 20 mg, more
preferably about 0.01 to about 10 mg, more preferably about
0.01 to about 5 mg, more preferably at about 0.025 to about
1.5 mg, more preferably at about 0.05 to about 1.25 mg,
more preferably at about 0.075 to about 1.25 mg, more
preferably at about 0.1 to about 1.25 mg, even more pref-
erably at about 0.15 to about 1.25 mg, and most preferably
at about 0.25 to about 1.0 mg per g of cellulosic material.

In another aspect, an effective amount of a GH61 poly-
peptide having cellulolytic enhancing activity to cellulolytic
enzyme protein is about 0.005 to about 1.0 g, preferably at
about 0.01 to about 1.0 g, more preferably at about 0.15 to
about 0.75 g, more preferably at about 0.15 to about 0.5 g,
more preferably at about 0.1 to about 0.5 g, even more
preferably at about 0.1 to about 0.5 g, and most preferably
at about 0.05 to about 0.2 g per g of cellulolytic enzyme
protein.

Fermentation

The fermentable sugars obtained from the hydrolyzed
cellulosic material can be fermented by one or more (sev-
eral) fermenting microorganisms capable of fermenting the
sugars directly or indirectly into a desired fermentation
product. “Fermentation” or “fermentation process” refers to
any fermentation process or any process comprising a fer-
mentation step. Fermentation processes also include fermen-
tation processes used in the consumable alcohol industry
(e.g., beer and wine), dairy industry (e.g., fermented dairy
products), leather industry, and tobacco industry. The fer-
mentation conditions depend on the desired fermentation
product and fermenting organism and can easily be deter-
mined by one skilled in the art.
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In the fermentation step, sugars, released from cellulosic
material as a result of the pretreatment and enzymatic
hydrolysis steps, are fermented to a product, e.g., ethanol, by
a fermenting organism, such as yeast. Hydrolysis (saccha-
rification) and fermentation can be separate or simultaneous,
as described herein.

The term “fermentation medium” is understood herein to
refer to a medium before the fermenting microorganism(s)
is(are) added, such as, a medium resulting from a saccha-
rification process, as well as a medium used in a simulta-
neous saccharification and fermentation process (SSF).

“Fermenting microorganism” refers to any microorgan-
ism, including bacterial and fungal organisms, suitable for
use in a desired fermentation process to produce a fermen-
tation product. The fermenting organism can be C4 and/or C,
fermenting organisms, or a combination thereof. Both Cq
and C; fermenting organisms are well known in the art.
Suitable fermenting microorganisms are able to ferment, i.e.,
convert, sugars, such as glucose, xylose, xylulose, arabinose,
maltose, mannose, galactose, or oligosaccharides, directly or
indirectly into the desired fermentation product.

Examples of bacterial and fungal fermenting organisms
producing ethanol are described by Lin et al., 2006, Appl.
Microbiol. Biotechnol. 69: 627-642.

Examples of fermenting microorganisms that can ferment
C, sugars include bacterial and fungal organisms, such as
yeast. Preferred yeast includes strains of the Saccharomyces
spp., preferably Saccharomyces cerevisiae.

Examples of fermenting organisms that can ferment C,
sugars include bacterial and fungal organisms, such as some
yeast. Preferred C, fermenting yeast include strains of
Pichia, preferably Pichia stipitis, such as Pichia stipitis CBS
5773; strains of Candida, preferably Candida boidinii, Can-
dida brassicae, Candida sheatae, Candida diddensii, Can-
dida pseudotropicalis, or Candida utilis.

Other fermenting organisms include strains of Zymomo-
nas, such as Zymomonas mobilis; Hansenula, such as Han-
senula anomala; Kluyveromyces, such as K. fragilis; Schi-
zosaccharomyces, such as S. pombe; E. coli, especially F.
coli strains that have been genetically modified to improve
the yield of ethanol; Clostridium, such as Clostridium aceto-
butylicum, Chlostridium thermocellum, and Chlostridium
phytofermentans; Geobacillus sp.; Thermoanaerobacter,
such as Thermoanaerobacter saccharvolyticum; and Bacillus,
such as Bacillus coagulans.

In a preferred aspect, the yeast is a Saccharomyces spp. In
a more preferred aspect, the yeast is Saccharomyces cerevi-
siae. In another more preferred aspect, the yeast is Saccha-
romyces distaticus. In another more preferred aspect, the
yeast is Saccharomyces uvarum. In another preferred aspect,
the yeast is a Kluyveromyces. In another more preferred
aspect, the yeast is Kluyveromyces marxianus. In another
more preferred aspect, the yeast is Kluyveromyces fragilis.
In another preferred aspect, the yeast is a Candida. In
another more preferred aspect, the yeast is Candida boidinii.
In another more preferred aspect, the yeast is Candida
brassicae. In another more preferred aspect, the yeast is
Candida diddensii. In another more preferred aspect, the
yeast is Candida pseudotropicalis. In another more preferred
aspect, the yeast is Candida utilis. In another preferred
aspect, the yeast is a Clavispora. In another more preferred
aspect, the yeast is Clavispora lusitaniae. In another more
preferred aspect, the yeast is Clavispora opuntiae. In another
preferred aspect, the yeast is a Pachysolen. In another more
preferred aspect, the yeast is Pachysolen tannophilus. In
another preferred aspect, the yeast is a Pichia. In another
more preferred aspect, the yeast is a Pichia stipitis. In
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another preferred aspect, the yeast is a Bretannomyces. In
another more preferred aspect, the yeast is Bretannomyces
clausenii (Philippidis, G. P., 1996, Cellulose bioconversion
technology, in Handbook on Bioethanol: Production and
Utilization, Wyman, C. E., ed., Taylor & Francis, Washing-
ton, D.C., 179-212).

Bacteria that can efficiently ferment hexose and pentose to
ethanol include, for example, Zymomonas mobilis,
Clostridium acetobutylicum, Clostridium thermocellum,
Chlostridium phytofermentans, Geobacillus sp., Thermoan-
aerobacter saccharolyticum, and Bacillus coagulans
(Philippidis, 1996, supra).

In a preferred aspect, the bacterium is a Zymomonas. In a
more preferred aspect, the bacterium is Zymomonas mobilis.
In another preferred aspect, the bacterium is a Clostridium.
In another more preferred aspect, the bacterium is
Clostridium thermocellum.

Commercially available yeast suitable for ethanol produc-
tion includes, e.g., ETHANOL RED™ yeast (available from
Fermentis/Lesaffre, USA), FALI™ (available from Fleis-
chmann’s Yeast, USA), SUPERSTART™ and THERMO-
SACC™ fresh yeast (available from Ethanol Technology,
Wis., USA), BIOFERM™ AFT and XR (available from
NABC—North American Bioproducts Corporation, GA,
USA), GERT STRAND™ (available from Gert Strand AB,
Sweden), and FERMIOL™ (available from DSM Special-
ties).

In a preferred aspect, the fermenting microorganism has
been genetically modified to provide the ability to ferment
pentose sugars, such as xylose utilizing, arabinose utilizing,
and xylose and arabinose co-utilizing microorganisms.

The cloning of heterologous genes into various ferment-
ing microorganisms has led to the construction of organisms
capable of converting hexoses and pentoses to ethanol
(cofermentation) (Chen and Ho, 1993, Cloning and improv-
ing the expression of Pichia stipitis xylose reductase gene in
Saccharomyces cerevisiae, Appl. Biochem. Biotechnol.
39-40: 135-147; Ho et al., 1998, Genetically engineered
Saccharomyces yeast capable of effectively cofermenting
glucose and xylose, Appl. Environ. Microbiol. 64: 1852-
1859; Kotter and Ciriacy, 1993, Xylose fermentation by
Saccharomyces cerevisiae, Appl. Microbiol. Biotechnol. 38:
776-783; Walfridsson et al., 1995, Xylose-metabolizing Sac-
charomyces cerevisiae strains overexpressing the TKI.1 and
TAL1 genes encoding the pentose phosphate pathway
enzymes transketolase and transaldolase, Appl. Environ.
Microbiol. 61: 4184-4190; Kuyper et al., 2004, Minimal
metabolic engineering of Saccharomyces cerevisiae for effi-
cient anaerobic xylose fermentation: a proof of principle,
FEMS Yeast Research 4: 655-664; Beall et al., 1991, Para-
metric studies of ethanol production from xylose and other
sugars by recombinant Escherichia coli, Biotech. Bioeng.
38: 296-303; Ingram et al., 1998, Metabolic engineering of
bacteria for ethanol production, Biotechnol. Bioeng. 58:
204-214; Zhang et al., 1995, Metabolic engineering of a
pentose metabolism pathway in ethanologenic Zymomonas
mobilis, Science 267: 240-243; Deanda et al., 1996, Devel-
opment of an arabinose-fermenting Zymomonas mobilis
strain by metabolic pathway engineering, Appl. Environ.
Microbiol. 62: 4465-4470; WO 2003/062430, xylose
isomerase).

In a preferred aspect, the genetically modified fermenting
microorganism is Saccharomyces cerevisiae. In another pre-
ferred aspect, the genetically modified fermenting microor-
ganism is Zymomonas mobilis. In another preferred aspect,
the genetically modified fermenting microorganism is
Escherichia coli. In another preferred aspect, the genetically
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modified fermenting microorganism is Klebsiella oxytoca.
In another preferred aspect, the genetically modified fer-
menting microorganism is Kluyveromyces sp.

It is well known in the art that the organisms described
above can also be used to produce other substances, as
described herein.

The fermenting microorganism is typically added to the
degraded lignocellulose or hydrolysate and the fermentation
is performed for about 8 to about 96 hours, such as about 24
to about 60 hours. The temperature is typically between
about 26° C. to about 60° C., in particular about 32° C. or
50° C., and at about pH 3 to about pH 8, such as around pH
4-5, 6, 0r 7.

In a preferred aspect, the yeast and/or another microor-
ganism is applied to the degraded cellulosic material and the
fermentation is performed for about 12 to about 96 hours,
such as typically 24-60 hours. In a preferred aspect, the
temperature is preferably between about 20° C. to about 60°
C., more preferably about 25° C. to about 50° C., and most
preferably about 32° C. to about 50° C., in particular about
32° C. or 50° C., and the pH is generally from about pH 3
to about pH 7, preferably around pH 4-7. However, some
fermenting organisms, e.g., bacteria, have higher fermenta-
tion temperature optima. Yeast or another microorganism is
preferably applied in amounts of approximately 10° to 10*2,
preferably from approximately 107 to 10'°, especially
approximately 2x10° viable cell count per ml of fermenta-
tion broth. Further guidance in respect of using yeast for
fermentation can be found in, e.g., “The Alcohol Textbook”
(Editors K. Jacques, T. P. Lyons and D. R. Kelsall, Notting-
ham University Press, United Kingdom 1999), which is
hereby incorporated by reference.

For ethanol production, following the fermentation the
fermented slurry is distilled to extract the ethanol. The
ethanol obtained according to the processes of the invention
can be used as, e.g., fuel ethanol, drinking ethanol, i.e.,
potable neutral spirits, or industrial ethanol.

A fermentation stimulator can be used in combination
with any of the processes described herein to further
improve the fermentation process, and in particular, the
performance of the fermenting microorganism, such as, rate
enhancement and ethanol yield. A “fermentation stimulator”
refers to stimulators for growth of the fermenting microor-
ganisms, in particular, yeast. Preferred fermentation stimu-
lators for growth include vitamins and minerals. Examples
of vitamins include multivitamins, biotin, pantothenate,
nicotinic acid, meso-inositol, thiamine, pyridoxine, para-
aminobenzoic acid, folic acid, riboflavin, and Vitamins A, B,
C, D, and E. See, for example, Alfenore et al., Improving
ethanol production and viability of Saccharomyces cerevi-
siae by a vitamin feeding strategy during fed-batch process,
Springer-Verlag (2002), which is hereby incorporated by
reference. Examples of minerals include minerals and min-
eral salts that can supply nutrients comprising P, K, Mg, S,
Ca, Fe, Zn, Mn, and Cu.

Fermentation Products

The fermentation product can be any substance derived
from the fermentation. The fermentation product can be,
without limitation, an alcohol (e.g., arabinitol, butanol,
ethanol, glycerol, methanol, 1,3-propanediol, sorbitol, and
xylitol); an organic acid (e.g., acetic acid, acetonic acid,
adipic acid, ascorbic acid, citric acid, 2,5-diketo-D-gluconic
acid, formic acid, fumaric acid, glucaric acid, gluconic acid,
glucuronic acid, glutaric acid, 3-hydroxypropionic acid,
itaconic acid, lactic acid, malic acid, malonic acid, oxalic
acid, oxaloacetic acid, propionic acid, succinic acid, and
xylonic acid); a ketone (e.g., acetone); an amino acid (e.g.,
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aspartic acid, glutamic acid, glycine, lysine, serine, and
threonine); an alkane (e.g., pentane, hexane, heptane,
octane, nonane, decane, undecane, and dodecane), a cycloal-
kane (e.g., cyclopentane, cyclohexane, cycloheptane, and
cyclooctane), an alkene (e.g. pentene, hexene, heptene, and
octene); and a gas (e.g., methane, hydrogen (H,), carbon
dioxide (CO,), and carbon monoxide (CO)). The fermenta-
tion product can also be protein as a high value product.

In a preferred aspect, the fermentation product is an
alcohol. It will be understood that the term “alcohol” encom-
passes a substance that contains one or more hydroxyl
moieties. In a more preferred aspect, the alcohol is ara-
binitol. In another more preferred aspect, the alcohol is
butanol. In another more preferred aspect, the alcohol is
ethanol. In another more preferred aspect, the alcohol is
glycerol. In another more preferred aspect, the alcohol is
methanol. In another more preferred aspect, the alcohol is
1,3-propanediol. In another more preferred aspect, the alco-
hol is sorbitol. In another more preferred aspect, the alcohol
is xylitol. See, for example, Gong, C. S., Cao, N. I, Du, J.,
and Tsao, G. T., 1999, Ethanol production from renewable
resources, in Advances in Biochemical Engineering/Bio-
technology, Scheper, T., ed., Springer-Verlag Berlin Heidel-
berg, Germany, 65: 207-241; Silveira, M. M., and Jonas, R.,
2002, The biotechnological production of sorbitol, Appl.
Microbiol. Biotechnol. 59: 400-408; Nigam, P., and Singh,
D., 1995, Processes for fermentative production of xyli-
tol—a sugar substitute, Process Biochemistry 30 (2): 117-
124; Ezeji, T. C., Qureshi, N. and Blaschek, H. P., 2003,
Production of acetone, butanol and ethanol by Clostridium
beijerinckii BA101 and in situ recovery by gas stripping,
World Journal of Microbiology and Biotechnology 19 (6):
595-603.

In another preferred aspect, the fermentation product is an
organic acid. In another more preferred aspect, the organic
acid is acetic acid. In another more preferred aspect, the
organic acid is acetonic acid. In another more preferred
aspect, the organic acid is adipic acid. In another more
preferred aspect, the organic acid is ascorbic acid. In another
more preferred aspect, the organic acid is citric acid. In
another more preferred aspect, the organic acid is 2,5-
diketo-D-gluconic acid. In another more preferred aspect,
the organic acid is formic acid. In another more preferred
aspect, the organic acid is fumaric acid. In another more
preferred aspect, the organic acid is glucaric acid. In another
more preferred aspect, the organic acid is gluconic acid. In
another more preferred aspect, the organic acid is glucuronic
acid. In another more preferred aspect, the organic acid is
glutaric acid. In another preferred aspect, the organic acid is
3-hydroxypropionic acid. In another more preferred aspect,
the organic acid is itaconic acid. In another more preferred
aspect, the organic acid is lactic acid. In another more
preferred aspect, the organic acid is malic acid. In another
more preferred aspect, the organic acid is malonic acid. In
another more preferred aspect, the organic acid is oxalic
acid. In another more preferred aspect, the organic acid is
propionic acid. In another more preferred aspect, the organic
acid is succinic acid. In another more preferred aspect, the
organic acid is xylonic acid. See, for example, Chen, R., and
Lee, Y. Y., 1997, Membrane-mediated extractive fermenta-
tion for lactic acid production from cellulosic biomass, Appl.
Biochem. Biotechnol. 63-65: 435-448.

In another preferred aspect, the fermentation product is a
ketone. It will be understood that the term ‘“ketone” encom-
passes a substance that contains one or more ketone moi-
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eties. In another more preferred aspect, the ketone is
acetone. See, for example, Qureshi and Blaschek, 2003,
supra.

In another preferred aspect, the fermentation product is an
amino acid. In another more preferred aspect, the organic
acid is aspartic acid. In another more preferred aspect, the
amino acid is glutamic acid. In another more preferred
aspect, the amino acid is glycine. In another more preferred
aspect, the amino acid is lysine. In another more preferred
aspect, the amino acid is serine. In another more preferred
aspect, the amino acid is threonine. See, for example,
Richard, A., and Margaritis, A., 2004, Empirical modeling of
batch fermentation kinetics for poly(glutamic acid) produc-
tion and other microbial biopolymers, Biotechnology and
Bioengineering 87 (4): 501-515.

In another preferred aspect, the fermentation product is an
alkane. The alkane can be an unbranched or a branched
alkane. In another more preferred aspect, the alkane i
pentane. In another more preferred aspect, the alkane i
hexane. In another more preferred aspect, the alkane i
heptane. In another more preferred aspect, the alkane i
octane. In another more preferred aspect, the alkane i
nonane. In another more preferred aspect, the alkane i
decane. In another more preferred aspect, the alkane i
undecane. In another more preferred aspect, the alkane i
dodecane.

In another preferred aspect, the fermentation product is a
cycloalkane. In another more preferred aspect, the cycloal-
kane is cyclopentane. In another more preferred aspect, the
cycloalkane is cyclohexane. In another more preferred
aspect, the cycloalkane is cycloheptane. In another more
preferred aspect, the cycloalkane is cyclooctane.

In another preferred aspect, the fermentation product is an
alkene. The alkene can be an unbranched or a branched
alkene. In another more preferred aspect, the alkene is
pentene. In another more preferred aspect, the alkene is
hexene. In another more preferred aspect, the alkene is
heptene. In another more preferred aspect, the alkene is
octene.

In another preferred aspect, the fermentation product is a
gas. In another more preferred aspect, the gas is methane. In
another more preferred aspect, the gas is H,. In another more
preferred aspect, the gas is CO,. In another more preferred
aspect, the gas is CO. See, for example, Kataoka, N., A.
Miya, and K. Kiriyama, 1997, Studies on hydrogen produc-
tion by continuous culture system of hydrogen-producing
anaerobic bacteria, Water Science and Technology 36 (6-7):
41-47; and Gunaseelan V. N. in Biomass and Bioenergy, Vol.
13 (1-2), pp. 83-114, 1997, Anaerobic digestion of biomass
for methane production: A review.

The fermentation product(s) can be optionally recovered
from the fermentation medium using any method known in
the art including, but not limited to, chromatography, elec-
trophoretic procedures, differential solubility, distillation, or
extraction. For example, alcohol is separated from the
fermented cellulosic material and purified by conventional
methods of distillation. Ethanol with a purity of up to about
96 vol. % can be obtained, which can be used as, for
example, fuel ethanol, drinking ethanol, i.e., potable neutral
spirits, or industrial ethanol.

Hydrolysis Enzyme Compositions

The enzyme compositions can comprise any protein that
is useful in saccharifying a cellulosic material.

In one aspect, the enzyme composition comprises or
further comprises one or more (several) proteins selected
from the group consisting of a cellulase, a GH61 polypeptide
having cellulolytic enhancing activity, a hemicellulase, an
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expansin, an esterase, a laccase, a ligninolytic enzyme, a
pectinase, a peroxidase, a protease, and a swollenin. In
another aspect, the cellulase is preferably one or more
(several) enzymes selected from the group consisting of an
endoglucanase, a cellobiohydrolase, and a beta-glucosidase.
In another aspect, the hemicellulase is preferably one or
more (several) enzymes selected from the group consisting
of an acetylmannan esterase, an acetyxylan esterase, an
arabinanase, an arabinofuranosidase, a coumaric acid
esterase, a feruloyl esterase, a galactosidase, a glucuroni-
dase, a glucuronoyl esterase, a mannanase, a mannosidase,
a xylanase, and a xylosidase.

In another aspect, the enzyme composition comprises one
or more (several) cellulolytic enzymes. In another aspect,
the enzyme composition comprises or further comprises one
or more (several) hemicellulolytic enzymes. In another
aspect, the enzyme composition comprises one or more
(several) cellulolytic enzymes and one or more (several)
hemicellulolytic enzymes. In another aspect, the enzyme
composition comprises one or more (several) enzymes
selected from the group of cellulolytic enzymes and hemi-
cellulolytic enzymes. In another aspect, the enzyme com-
position comprises an endoglucanase. In another aspect, the
enzyme composition comprises a cellobiohydrolase. In
another aspect, the enzyme composition comprises a beta-
glucosidase. In another aspect, the enzyme composition
comprises a polypeptide having cellulolytic enhancing
activity. In another aspect, the enzyme composition com-
prises an endoglucanase and a polypeptide having cel-
Iulolytic enhancing activity. In another aspect, the enzyme
composition comprises a cellobiohydrolase and a polypep-
tide having cellulolytic enhancing activity. In another aspect,
the enzyme composition comprises a beta-glucosidase and a
polypeptide having cellulolytic enhancing activity. In
another aspect, the enzyme composition comprises an endo-
glucanase and a cellobiohydrolase. In another aspect, the
enzyme composition comprises an endoglucanase and a
beta-glucosidase. In another aspect, the enzyme composition
comprises a cellobiohydrolase and a beta-glucosidase. In
another aspect, the enzyme composition comprises an endo-
glucanase, a cellobiohydrolase, and a polypeptide having
cellulolytic enhancing activity. In another aspect, the
enzyme composition comprises an endoglucanase, a beta-
glucosidase, and a polypeptide having cellulolytic enhanc-
ing activity. In another aspect, the enzyme composition
comprises a cellobiohydrolase, a beta-glucosidase, and a
polypeptide having cellulolytic enhancing activity. In
another aspect, the enzyme composition comprises an endo-
glucanase, a cellobiohydrolase, and a beta-glucosidase, and
a polypeptide having cellulolytic enhancing activity.

In another aspect, the enzyme composition comprises an
acetylmannan esterase. In another aspect, the enzyme com-
position comprises an acetyxylan esterase. In another aspect,
the enzyme composition comprises an arabinanase (e.g.,
alpha-L-arabinanase). In another aspect, the enzyme com-
position comprises an arabinofuranosidase (e.g., alpha-L-
arabinofuranosidase). In another aspect, the enzyme com-
position comprises a coumaric acid esterase. In another
aspect, the enzyme composition comprises a feruloyl
esterase. In another aspect, the enzyme composition com-
prises a galactosidase (e.g., alpha-galactosidase and/or beta-
galactosidase). In another aspect, the enzyme composition
comprises a glucuronidase (e.g., alpha-D-glucuronidase). In
another aspect, the enzyme composition comprises a glu-
curonoyl esterase. In another aspect, the enzyme composi-
tion comprises a mannanase. In another aspect, the enzyme
composition comprises a mannosidase (e.g., beta-mannosi-
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dase). In another aspect, the enzyme composition comprises
axylanase. In a preferred aspect, the xylanase is a Family 10
xylanase. In another aspect, the enzyme composition com-
prises a xylosidase (e.g., beta-xylosidase). In another aspect,
the enzyme composition comprises an expansin. In another
aspect, the enzyme composition comprises an esterase. In
another aspect, the enzyme composition comprises a lac-
case. In another aspect, the enzyme composition comprises
a ligninolytic enzyme. In a preferred aspect, the ligninolytic
enzyme is a manganese peroxidase. In another preferred
aspect, the ligninolytic enzyme is a lignin peroxidase. In
another preferred aspect, the ligninolytic enzyme is a H,O,-
producing enzyme. In another aspect, the enzyme compo-
sition comprises a pectinase. In another aspect, the enzyme
composition comprises a peroxidase. In another aspect, the
enzyme composition comprises a protease. In another
aspect, the enzyme composition comprises a swollenin.

In the processes of the present invention, the enzyme(s)
can be added prior to or during fermentation, e.g., during
saccharification or during or after propagation of the fer-
menting microorganism(s).

One or more (several) components of the enzyme com-
position may be wild-type proteins, recombinant proteins, or
a combination of wild-type proteins and recombinant pro-
teins. For example, one or more (several) components may
be native proteins of a cell, which is used as a host cell to
express recombinantly one or more (several) other compo-
nents of the enzyme composition. One or more (several)
components of the enzyme composition may be produced as
monocomponents, which are then combined to form the
enzyme composition. The enzyme composition may be a
combination of multicomponent and monocomponent pro-
tein preparations.

The enzymes used in the processes of the present inven-
tion may be in any form suitable for use, such as, for
example, a crude fermentation broth with or without cells
removed, a cell lysate with or without cellular debris, a
semi-purified or purified enzyme preparation, or a host cell
as a source of the enzymes. The enzyme composition may be
a dry powder or granulate, a non-dusting granulate, a liquid,
a stabilized liquid, or a stabilized protected enzyme. Liquid
enzyme preparations may, for instance, be stabilized by
adding stabilizers such as a sugar, a sugar alcohol or another
polyol, and/or lactic acid or another organic acid according
to established processes.

The enzymes can be derived or obtained from any suitable
origin, including, bacterial, fungal, yeast, plant, or mamma-
lian origin. The term “obtained” means herein that the
enzyme may have been isolated from an organism that
naturally produces the enzyme as a native enzyme. The term
“obtained” also means herein that the enzyme may have
been produced recombinantly in a host organism employing
methods described herein, wherein the recombinantly pro-
duced enzyme is either native or foreign to the host organism
or has a modified amino acid sequence, e.g., having one or
more (several) amino acids that are deleted, inserted and/or
substituted, i.e., a recombinantly produced enzyme that is a
mutant and/or a fragment of a native amino acid sequence or
an enzyme produced by nucleic acid shuffling processes
known in the art. Encompassed within the meaning of a
native enzyme are natural variants and within the meaning
of a foreign enzyme are variants obtained recombinantly,
such as by site-directed mutagenesis or shufiling.

The polypeptide having enzyme activity may be a bacte-
rial polypeptide. For example, the polypeptide may be a
gram positive bacterial polypeptide such as a Bacillus,
Streptococcus, Streptomyces, Staphylococcus, Enterococ-
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cus, Lactobacillus, Lactococcus, Clostridium, Geobacillus,
or Oceanobacillus polypeptide having enzyme activity, or a
Gram negative bacterial polypeptide such as an E. coli,
Pseudomonas, Salmonella, Campylobacter, Helicobacter,
Flavobacterium, Fusobacterium, llyobacter, Neisseria, or
Ureaplasma polypeptide having enzyme activity.

In a preferred aspect, the polypeptide is a Bacillus alka-
lophilus, Bacillus amyloliquefaciens, Bacillus brevis, Bacil-
lus circulans, Bacillus clausii, Bacillus coagulans, Bacillus
firmus, Bacillus lautus, Bacillus lentus, Bacillus lichenifor-
mis, Bacillus megaterium, Bacillus pumilus, Bacillus stearo-
thermophilus, Bacillus subtilis, or Bacillus thuringiensis
polypeptide having enzyme activity.

In another preferred aspect, the polypeptide is a Strepto-
coccus equisimilis, Streptococcus pyogenes, Streptococcus
uberis, or Streptococcus equi subsp. Zooepidemicus poly-
peptide having enzyme activity.

In another preferred aspect, the polypeptide is a Strepto-
myces achromogenes, Streptomyces avermitilis, Streptomy-
ces coelicolor, Streptomyces griseus, or Streptomyces livi-
dans polypeptide having enzyme activity.

The polypeptide having enzyme activity may also be a
fungal polypeptide, and more preferably a yeast polypeptide
such as a Candida, Kluyveromyces, Pichia, Saccharomyces,
Schizosaccharomyces, or Yarrowia polypeptide having
enzyme activity; or more preferably a filamentous fungal
polypeptide such as an Acremonium, Agaricus, Alternaria,
Aspergillus, Aureobasidium, Botryospaeria, Ceriporiopsis,
Chaetomidium, Chrysosporium, Claviceps, Cochliobolus,
Coprinopsis, Coptotermes, Corynascus, Cryphonectria,
Cryptococcus, Diplodia, Exidia, Filibasidium, Fusarium,
Gibberella, Holomastigotoides, Humicola, Irpex, Lentinula,
Leptospaeria, Magnaporthe, Melanocarpus, Meripilus,
Mucor, Myceliophthora, Neocallimastix, Neurospora,
Paecilomyces, Penicillium, Phanerochaete, Piromyces, Poi-
trasia, Pseudoplectania, Pseudotrichonympha, Rhizomucor,
Schizophyllum, Scytalidium, Talaromyces, Thermoascus,
Thielavia, Tolypocladium, Trichoderma, Trichophaea, Ver-
ticillium, Volvariella, or Xylaria polypeptide having enzyme
activity.

In a preferred aspect, the polypeptide is a Saccharomyces
carlsbergensis, Saccharomyces cerevisiae, Saccharomyces
diastaticus, Saccharomyces douglasii, Saccharomyces
kluyveri, Saccharomyces norbensis, or Saccharomyces ovi-
formis polypeptide having enzyme activity.

In another preferred aspect, the polypeptide is an Acre-
monium cellulolyticus, Aspergillus aculeatus, Aspergillus
awamori, Aspergillus fumigatus, Aspergillus foetidus,
Aspergillus japonicus, Aspergillus nidulans, Aspergillus
niger, Aspergillus ovyzae, Chrysosporium keratinophilum,
Chrysosporium lucknowense, Chrysosporium tropicum,
Chrysosporium merdarium, Chrysosporium inops, Chrys-
osporium  pannicola, Chrysosporium queenslandicum,
Chrysosporium zonatum, Fusarium bactridioides, Fusarium
cerealis, Fusarium crookwellense, Fusarium culmorum,
Fusarium graminearum, Fusavium graminum, Fusarium
heterosporum, Fusarium negundi, Fusarium oxysporum,
Fusarium rveticulatum, Fusarium roseum, Fusarium sam-
bucinum, Fusarium sarcochroum, Fusarium sporotri-
chioides, Fusarium sulfureum, Fusarium torulosum,
Fusarium trichothecioides, Fusarium venenatum, Humicola
grisea, Humicola insolens, Humicola lanuginosa, Irpex lac-
teus, Mucor miehei, Myceliophthora thermophila, Neuro-
spora crassa, Penicillium funiculosum, Penicillium pur-
purogenum, Phanerochaete chrysosporium, Thielavia
achromatica, Thielavia albomyces, Thielavia albopilosa,
Thielavia  australeinsis, Thielavia  fimeti, Thielavia
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microspora, Thielavia ovispora, Thielavia peruviana,
Thielavia spededonium, Thielavia setosa, Thielavia subther-
mophila, Thielavia terrestris, Trichoderma harzianum,
Trichoderma  koningii, Trichoderma longibrachiatum,
Trichoderma reesei, Trichoderma viride, or Trichophaea
saccata polypeptide having enzyme activity.

Chemically modified or protein engineered mutants of the
polypeptides having enzyme activity may also be used.

One or more (several) components of the enzyme com-
position may be a recombinant component, i.e., produced by
cloning of a DNA sequence encoding the single component
and subsequent cell transformed with the DNA sequence and
expressed in a host (see, for example, WO 91/17243 and
WO 91/17244). The host is preferably a heterologous host
(enzyme is foreign to host), but the host may under certain
conditions also be a homologous host (enzyme is native to
host). Monocomponent cellulolytic enzymes may also be
prepared by purifying such a protein from a fermentation
broth.

In one aspect, the one or more (several) cellulolytic
enzymes comprise a commercial cellulolytic enzyme prepa-
ration. Examples of commercial cellulolytic enzyme prepa-
rations suitable for use in the present invention include, for
example, CELLIC™ CTec (Novozymes NS), CELLIC™
CTec2 (Novozymes NS), CELLUCLAST™ (Novozymes
NS), NOVOZYM™ 188 (Novozymes NS), CEL-
LUZYME™ (Novozymes NS), CEREFLLO™ (Novozymes
NS), and ULTRAFLO™ (Novozymes NS), ACCEL-
ERASE™ (Genencor Int.), LAMINEX™ (Genencor Int.),
SPEZYME™ CP (Genencor Int.), ROHAMENT™ 7069 W
(Rohm GmbH), FIBREZYME® LDI (Dyadic International,
Inc.), FIBREZYME® LBR (Dyadic International, Inc.), or
VISCOSTAR® 150L (Dyadic International, Inc.). The cel-
Iulase enzymes are added in amounts effective from about
0.001 to about 5.0 wt % of solids, more preferably from
about 0.025 to about 4.0 wt % of solids, and most preferably
from about 0.005 to about 2.0 wt % of solids. The cellulase
enzymes are added in amounts effective from about 0.001 to
about 5.0 wt % of solids, more preferably from about 0.025
to about 4.0 wt % of solids, and most preferably from about
0.005 to about 2.0 wt % of solids.

In the processes of the present invention, any GH61
polypeptide having cellulolytic enhancing activity can be
used, such as those polypeptides described supra.

Examples of bacterial endoglucanases that can be used in
the processes of the present invention, include, but are not
limited to, an Acidothermus cellulolyticus endoglucanase
(WO 91/05039; WO 93/15186; U.S. Pat. No. 5,275,944,
WO 96/02551; U.S. Pat. No. 5,536,655, WO 00/70031, WO
05/093050); Thermobifida fusca endoglucanase 1II (WO
05/093050); and Thermobifida fusca endoglucanase V (WO
05/093050).

Examples of fungal endoglucanases that can be used in
the present invention include, but are not limited to, a
Trichoderma reesei endoglucanase 1 (Penttila et al., 1986,
Gene 45: 253-263; Trichoderma reesei Cel7B endogluca-
nase [; GENBANK™ accession no. M15665; SEQ 1D NO:
2); Trichoderma reesei endoglucanase 11 (Saloheimo, et al.,
1988, Gene 63:11-22; Trichoderma reesei CelSA endoglu-
canase 1I; GENBANK™ accession no. M19373; SEQ ID
NO: 4); Trichoderma reesei endoglucanase 111 (Okada et al.,
1988, Appl. Environ. Microbiol. 64: 555-563; GENBANK™
accession no. AB003694; SEQ ID NO: 6); Trichoderma
reesei endoglucanase V (Saloheimo et al., 1994, Molecular
Microbiology 13: 219-228; GENBANK™ accession no.
733381; SEQ ID NO: 8); Aspergillus aculeatus endogluca-
nase (Ooi et al., 1990, Nucleic Acids Research 18: 5884);
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Aspergillus kawachii endoglucanase (Sakamoto et al., 1995,
Current Genetics 27: 435-439); Erwinia carotovara endo-
glucanase (Saarilahti et al., 1990, Gene 90: 9-14); Fusarium
oxysporum endoglucanase (GENBANK™ accession no.
1.29381); Humicola grisea var. thermoidea endoglucanase
(GENBANK™ accession no. AB003107); Melanocarpus
albomyces endoglucanase (GENBANK™ accession no.
MALS15703); Neurospora crassa endoglucanase (GEN-
BANK™ accession no. XM_324477); Humicola insolens
endoglucanase V (SEQ ID NO: 10); Myceliophthora ther-
mophila CBS 117.65 endoglucanase (SEQ ID NO: 12);
basidiomycete CBS 495.95 endoglucanase (SEQ ID NO:
14); basidiomycete CBS 494.95 endoglucanase (SEQ ID
NO: 16); Thielavia terrestris NRRL 8126 CEL6B endoglu-
canase (SEQ ID NO: 18); Thielavia terrestris NRRL 8126
CEL6C endoglucanase (SEQ ID NO: 20); Thielavia ter-
restris NRRL 8126 CEL7C endoglucanase (SEQ ID NO:
22); Thielavia terrestris NRRL 8126 CEL7E endoglucanase
(SEQ ID NO: 24); Thielavia terrestris NRRL 8126 CEL7F
endoglucanase (SEQ ID NO: 26); Cladorrhinum foecundis-
simum ATCC 62373 CEL7A endoglucanase (SEQ ID NO:
28); and Trichoderma reesei strain No. VI'T-D-80133 endo-
glucanase (SEQ ID NO: 30; GENBANK™ accession no.
M15665). The endoglucanases of SEQ ID NO: 2, SEQ ID
NO: 4, SEQID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ
ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO:
18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ
ID NO: 26, SEQ ID NO: 28, and SEQ ID NO: 30, described
above are encoded by the mature polypeptide coding
sequence of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5,
SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID
NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19,
SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID
NO: 27, and SEQ ID NO: 29, respectively.

Examples of cellobiohydrolases useful in the present
invention include, but are not limited to, Trichoderma reesei
cellobiohydrolase I (SEQ ID NO: 32); Trichoderma reesei
cellobiohydrolase II (SEQ ID NO: 34); Humicola insolens
cellobiohydrolase 1 (SEQ ID NO: 36); Myceliophthora
thermophila cellobiohydrolase II (SEQ ID NO: 38 and SEQ
ID NO: 40); Thielavia terrestris cellobiohydrolase II
(CEL6A) (SEQ ID NO: 42); Chaetomium thermophilum
cellobiohydrolase 1 (SEQ ID NO: 44); and Chaetomium
thermophilum cellobiohydrolase 11 (SEQ ID NO: 46),
Aspergillus fumigatus cellobiohydrolase I (SEQ ID NO: 48),
and Aspergillus fumigatus cellobiohydrolase II (SEQ ID
NO: 50). The cellobiohydrolases of SEQ ID NO: 32, SEQ
ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID NO:
40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ
ID NO: 48, and SEQ ID NO: 50, described above are
encoded by the mature polypeptide coding sequence of SEQ
ID NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO:
37, SEQ ID NO: 39, SEQ ID NO: 41, SEQ ID NO: 43, SEQ
ID NO: 45, SEQ ID NO: 47, and SEQ ID NO: 49, respec-
tively.

Examples of beta-glucosidases useful in the present
invention include, but are not limited to, Aspergillus oryzae
beta-glucosidase (SEQ ID NO: 52); Aspergillus fumigatus
beta-glucosidase (SEQ ID NO: 54); Penicillium brasilianum
IBT 20888 beta-glucosidase (SEQ ID NO: 56); Aspergillus
niger beta-glucosidase (SEQ ID NO: 58); and Aspergillus
aculeatus beta-glucosidase (SEQ ID NO: 60). The beta-
glucosidases of SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID
NO: 56, SEQ ID NO: 58, and SEQ ID NO: 60, described
above are encoded by the mature polypeptide coding
sequence of SEQ ID NO: 51, SEQ ID NO: 53, SEQ ID NO:
55, SEQ ID NO: 57, and SEQ ID NO: 59, respectively.
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Examples of other beta-glucosidases useful in the present
invention include a Aspergillus oryzae beta-glucosidase
variant fusion protein of SEQ ID NO: 62 or the Aspergillus
oryzae beta-glucosidase fusion protein of SEQ ID NO: 64.
The beta-glucosidase fusion proteins of SEQ ID NO: 62 and
SEQ ID NO: 64 are encoded by SEQ ID NO: 61 and SEQ
ID NO: 63, respectively.

The Aspergillus oryzae beta-glucosidase can be obtained
according to WO 2002/095014. The Aspergillus fumigatus
beta-glucosidase can be obtained according to WO 2005/
047499. The Penicillium brasilianum beta-glucosidase can
be obtained according to WO 2007/019442. The Aspergillus
niger beta-glucosidase can be obtained according to Dan et
al., 2000, J. Biol. Chem. 275: 4973-4980. The Aspergillus
aculeatus beta-glucosidase can be obtained according to
Kawaguchi et al., 1996, Gene 173: 287-288.

Other useful endoglucanases, cellobiohydrolases, and
beta-glucosidases are disclosed in numerous Glycosyl
Hydrolase families using the classification according to
Henrissat B., 1991, A classification of glycosyl hydrolases
based on amino-acid sequence similarities, Biochem. J. 280:
309-316, and Henrissat B., and Bairoch A., 1996, Updating
the sequence-based classification of glycosyl hydrolases,
Biochem. J. 316: 695-696.

Other cellulolytic enzymes that may be useful in the
present invention are described in EP 495,257, EP 531,315,
EP 531,372, WO 89/09259, WO 94/07998, WO 95/24471,
WO 96/11262, WO 96/29397, WO 96/034108, WO
97/14804, WO 98/08940, WO 98/012307, WO 98/13465,
WO 98/015619, WO 98/015633, WO 98/028411, WO
99/06574, WO 99/10481, WO 99/025846, WO 99/025847,
WO 99/031255, WO 2000/009707, WO 2002/050245, WO
2002/0076792, WO 2002/101078, WO 2003/027306, WO
2003/052054, WO 2003/052055, WO 2003/052056, WO
2003/052057, WO 2003/052118, WO 2004/016760,
2004/043980, WO 2004/048592, WO 2005/001065,
2005/028636, WO 2005/093050, WO 2005/093073,
2006/074005, WO 2006/117432, WO 2007/071818, WO
2007/071820, WO 2008/008070, WO 2008/008793, U.S.
Pat. Nos. 4,435,307, 5,457,046, 5,648,263, 5,686,593,
5,691,178, 5,763,254, and 5,776,757.

In the processes of the present invention, any GH61
polypeptide having cellulolytic enhancing activity can be
used.

In a first aspect, the polypeptide having cellulolytic
enhancing activity comprises the following motifs:

[ILMV]-P-X(4,5) -G-X-Y-[ILMV]-X-R-X-[EQ]-X (4) -[HNQ]
and

[FW]-[TF]-K-[AIV],

wherein X is any amino acid, X(4,5) is any amino acid at
4 or 5 contiguous positions, and X(4) is any amino acid at
4 contiguous positions.

The polypeptide comprising the above-noted motifs may
further comprise:

H-X(1,2)-G-P-X(3) -[YW]-[AILMV],

[EQ]-X-Y-X(2) -C-X-[EHQN]- [FILV]-X-[ILV],
or

H-X(1,2)-G-P-X(3) -[YW]-[AILMV]
and

[EQ]-X-Y-X(2) -C-X-[EHQN]- [FILV]-X-[ILV],
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wherein X is any amino acid, X(1,2) is any amino acid at
1 position or 2 contiguous positions, X(3) is any amino acid
at 3 contiguous positions, and X(2) is any amino acid at 2
contiguous positions. In the above motifs, the accepted
TUPAC single letter amino acid abbreviation is employed.

In a preferred aspect, the polypeptide having cellulolytic
enhancing activity further comprises H—X(1,2)-G-P—X
(3)-[YW]-[AILMV]. In another preferred aspect, the iso-
lated polypeptide having cellulolytic enhancing activity fur-
ther comprises [EQ]-X—Y—X(2)-C—X-[EHQN]-[FILV]-
X-[ILV]. In another preferred aspect, the polypeptide having
cellulolytic enhancing activity further comprises H—X(1,
2)-G-P—X(3)-[YW]-[AILMV] and [EQ]-X—Y—X(2)-
C—X-[EHQN]-[FILV]-X-[ILV].

In a second aspect, the polypeptide having cellulolytic
enhancing activity comprises the following motif:

[ILMV]-P-x(4,5) -G-x- Y- [ILMV]-x-R-x-[EQ]-x (3) -A-
[HNQ],

wherein X is any amino acid, x(4,5) is any amino acid at
4 or 5 contiguous positions, and x(3) is any amino acid at 3
contiguous positions. In the above motif, the accepted
TUPAC single letter amino acid abbreviation is employed.

In a third aspect, the polypeptide having cellulolytic
enhancing activity comprises an amino acid sequence that
has a degree of identity to the mature polypeptide of SEQ ID
NO: 66, SEQ ID NO: 68, SEQ ID NO: 70, SEQ ID NO: 72,
SEQ ID NO: 74, SEQ ID NO: 76, SEQ ID NO: 78, SEQ ID
NO: 80, SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86,
SEQ ID NO: 88, SEQ ID NO: 90, SEQ ID NO: 92, SEQ ID
NO: 94, SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO: 100,
SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ
ID NO: 108, SEQ ID NO: 110, SEQ ID NO: 112, SEQ ID
NO: 114, SEQ ID NO: 116, SEQ ID NO: 118, SEQ ID NO:
120, SEQ ID NO: 122, SEQ ID NO: 124, SEQ ID NO: 126,
or SEQ ID NO: 128 of at least 60%, e.g., at least 65%, at
least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%,
or at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or at least 100%.

In a fourth aspect, the polypeptide having cellulolytic
enhancing activity is encoded by a polynucleotide that
hybridizes under at least very low stringency conditions,
preferably at least low stringency conditions, more prefer-
ably at least medium stringency conditions, more preferably
at least medium-high stringency conditions, even more
preferably at least high stringency conditions, and most
preferably at least very high stringency conditions with (i)
the mature polypeptide coding sequence of SEQ ID NO: 65,
SEQ ID NO: 67, SEQ ID NO: 69, SEQ ID NO: 71, SEQ ID
NO: 73, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID NO: 79,
SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID
NO: 87, SEQ ID NO: 89, SEQ ID NO: 91, SEQ ID NO: 93,
SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID NO: 99, SEQ ID
NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO:
107, SEQ ID NO: 109, SEQ ID NO: 111, SEQ ID NO: 113,
SEQ ID NO: 115, SEQ ID NO: 117, SEQ ID NO: 119, SEQ
ID NO: 121, SEQ ID NO: 123, SEQ ID NO: 125, or SEQ
ID NO: 127, (ii) the cDNA sequence contained in the mature
polypeptide coding sequence of SEQ ID NO: 71, SEQ ID
NO: 73, SEQ ID NO: 75, or SEQ ID NO: 79, or the genomic
DNA sequence comprising the mature polypeptide coding
sequence of SEQ ID NO: 65, SEQ ID NO: 67, SEQ 1D NO:
69, SEQ ID NO: 77, SEQ ID NO: 81, SEQ ID NO: 83, SEQ
ID NO: 85, SEQ ID NO: 87, SEQ ID NO: 89, SEQ ID NO:
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91, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97, SEQ
ID NO: 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID
NO: 105, SEQ ID NO: 107, SEQ ID NO: 109, SEQ ID NO:
111, SEQ ID NO: 113, SEQ ID NO: 115, SEQ ID NO: 117,
SEQ ID NO: 119, SEQ ID NO: 121, SEQ ID NO: 123, SEQ
1D NO: 125, or SEQ ID NO: 127, (iii) a subsequence of (i)
or (ii), or (iv) a full-length complementary strand of (i), (ii),
or (iii) (J. Sambrook, E. F. Fritsch, and T. Maniatus, 1989,
supra). A subsequence of the mature polypeptide coding
sequence of SEQ ID NO: 65, SEQ ID NO: 67, SEQ ID NO:
69, SEQ ID NO: 71, SEQ ID NO: 73, SEQ ID NO: 75, SEQ
ID NO: 77, SEQ ID NO: 79, SEQ ID NO: 81, SEQ ID NO:
83, SEQ ID NO: 85, SEQ ID NO: 87, SEQ ID NO: 89, SEQ
ID NO: 91, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO:
97, SEQ ID NO: 99, SEQ ID NO: 101, SEQ ID NO: 103,
SEQ ID NO: 105, SEQ ID NO: 107, SEQ ID NO: 109, SEQ
ID NO: 111, SEQ ID NO: 113, SEQ ID NO: 115, SEQ ID
NO: 117, SEQ ID NO: 119, SEQ ID NO: 121, SEQ ID NO:
123, SEQ ID NO: 125, or SEQ ID NO: 127 contains at least
100 contiguous nucleotides or preferably at least 200 con-
tiguous nucleotides. Moreover, the subsequence may encode
a polypeptide fragment that has cellulolytic enhancing activ-
ity.

In a fifth aspect, the polypeptide having cellulolytic
enhancing activity is encoded by a polynucleotide compris-
ing or consisting of a nucleotide sequence that has a degree
of identity to the mature polypeptide coding sequence of
SEQ ID NO: 65, SEQ ID NO: 67, SEQ ID NO: 69, SEQ ID
NO: 71, SEQ ID NO: 73, SEQ ID NO: 75, SEQ ID NO: 77,
SEQ ID NO: 79, SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID
NO: 85, SEQ ID NO: 87, SEQ ID NO: 89, SEQ ID NO: 91,
SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID
NO: 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO:
105, SEQ ID NO: 107, SEQ ID NO: 109, SEQ ID NO: 111,
SEQ ID NO: 113, SEQ ID NO: 115, SEQ ID NO: 117, SEQ
ID NO: 119, SEQ ID NO: 121, SEQ ID NO: 123, SEQ ID
NO: 125, or SEQ ID NO: 127 of preferably at least 60%,
more preferably at least 65%, more preferably at least 70%,
more preferably at least 75%, more preferably at least 80%,
more preferably at least 85%, even more preferably at least
90%, most preferably at least 91%, at least 92%, at least
93%, at least 94%, or at least 95%, and even most preferably
at least 96%, at least 97%, at least 98%, at least 99%, or at
least 100%.

In a sixth aspect, the polypeptide having cellulolytic
enhancing activity is an artificial variant comprising a sub-
stitution, deletion, and/or insertion of one or more (or
several) amino acids of the mature polypeptide of SEQ ID
NO: 66, SEQ ID NO: 68, SEQ ID NO: 70, SEQ ID NO: 72,
SEQ ID NO: 74, SEQ ID NO: 76, SEQ ID NO: 78, SEQ ID
NO: 80, SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86,
SEQ ID NO: 88, SEQ ID NO: 90, SEQ ID NO: 92, SEQ ID
NO: 94, SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO: 100,
SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ
ID NO: 108, SEQ ID NO: 110, SEQ ID NO: 112, SEQ ID
NO: 114, SEQ ID NO: 116, SEQ ID NO: 118, SEQ ID NO:
120, SEQ ID NO: 122, SEQ ID NO: 124, SEQ ID NO: 126,
or SEQ ID NO: 128; or a homologous sequence thereof.

Preferably, amino acid changes are of a minor nature, that
is conservative amino acid substitutions or insertions that do
not significantly affect the folding and/or activity of the
protein; small deletions, typically of one to about 30 amino
acids; small amino- or carboxyl-terminal extensions, such as
an amino-terminal methionine residue; a small linker pep-
tide of up to about 20-25 residues; or a small extension that
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facilitates purification by changing net charge or another
function, such as a poly-histidine tract, an antigenic epitope
or a binding domain.

Examples of conservative substitutions are within the
group of basic amino acids (arginine, lysine and histidine),
acidic amino acids (glutamic acid and aspartic acid), polar
amino acids (glutamine and asparagine), hydrophobic amino
acids (leucine, isoleucine and valine), aromatic amino acids
(phenylalanine, tryptophan and tyrosine), and small amino
acids (glycine, alanine, serine, threonine and methionine).
Amino acid substitutions that do not generally alter specific
activity are known in the art and are described, for example,
by H. Neurath and R. L. Hill, 1979, In, The Proteins,
Academic Press, New York. The most commonly occurring
exchanges are Ala/Ser, Val/lle, Asp/Glu, Thr/Ser, Ala/Gly,
Ala/Thr, Ser/Asn, Ala/Val, Ser/Gly, Tyr/Phe, Ala/Pro, Lys/
Arg, Asp/Asn, Leu/lle, Leu/Val, Ala/Glu, and Asp/Gly.

Alternatively, the amino acid changes are of such a nature
that the physico-chemical properties of the polypeptides are
altered. For example, amino acid changes may improve the
thermal stability of the polypeptide, alter the substrate
specificity, change the pH optimum, and the like.

Essential amino acids in a parent polypeptide can be
identified according to procedures known in the art, such as
site-directed mutagenesis or alanine-scanning mutagenesis
(Cunningham and Wells, 1989, Science 244: 1081-1085). In
the latter technique, single alanine mutations are introduced
at every residue in the molecule, and the resultant mutant
molecules are tested for cellulolytic enhancing activity to
identify amino acid residues that are critical to the activity
of the molecule. See also, Hilton et al., 1996, J. Biol. Chem.
271: 4699-4708. The active site of the enzyme or other
biological interaction can also be determined by physical
analysis of structure, as determined by such techniques as
nuclear magnetic resonance, crystallography, electron dif-
fraction, or photoaffinity labeling, in conjunction with muta-
tion of putative contact site amino acids. See, for example,
de Vos etal., 1992, Science 255: 306-312; Smith et al., 1992,
J. Mol. Biol. 224: 899-904; Wlodaver et al., 1992, FEBS
Lett. 309: 59-64. The identities of essential amino acids can
also be inferred from analysis of identities with polypeptides
that are related to the parent polypeptide.

Single or multiple amino acid substitutions, deletions,
and/or insertions can be made and tested using known
methods of mutagenesis, recombination, and/or shuffling,
followed by a relevant screening procedure, such as those
disclosed by Reidhaar-Olson and Sauer, 1988, Science 241:
53-57; Bowie and Sauver, 1989, Proc. Natl. Acad. Sci. USA
86: 2152-2156; WO 95/17413; or WO 95/22625. Other
methods that can be used include error-prone PCR, phage
display (e.g., Lowman et al., 1991, Biochemistry 30: 10832-
10837; U.S. Pat. No. 5,223,409; WO 92/06204), and region-
directed mutagenesis (Derbyshire et al., 1986, Gene 46: 145;
Ner et al., 1988, DNA 7: 127).

Mutagenesis/shuffling methods can be combined with
high-throughput, automated screening methods to detect
activity of cloned, mutagenized polypeptides expressed by
host cells (Ness et al., 1999, Nature Biotechnology 17:
893-896). Mutagenized DNA molecules that encode active
polypeptides can be recovered from the host cells and
rapidly sequenced using standard methods in the art. These
methods allow the rapid determination of the importance of
individual amino acid residues in a polypeptide.

The total number of amino acid substitutions, deletions
and/or insertions of the mature polypeptide of SEQ ID NO:
66, SEQ ID NO: 68, SEQ ID NO: 70, SEQ ID NO: 72, SEQ
ID NO: 74, SEQ ID NO: 76, SEQ ID NO: 78, SEQ ID NO:
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80, SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ
ID NO: 88, SEQ ID NO: 90, SEQ ID NO: 92, SEQ ID NO:
94, SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO: 100, SEQ
ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID
NO: 108, SEQ ID NO: 110, SEQ ID NO: 112, SEQ ID NO:
114, SEQ ID NO: 116, SEQ ID NO: 118, SEQ ID NO: 120,
SEQ ID NO: 122, SEQ ID NO: 124, SEQ ID NO: 126, or
SEQ ID NO: 128 is not more than 4, e.g., 1, 2, 3, or 4.

In one aspect, the GH61 polypeptide having cellulolytic
enhancing activity is used in the presence of a soluble
activating divalent metal cation according to WO 2008/
151043, e.g., manganese sulfate.

In one aspect, the GH61 polypeptide having cellulolytic
enhancing activity is used in the presence of a dioxy
compound, a bicylic compound, a heterocyclic compound, a
nitrogen-containing compound, a sulfur-containing com-
pound, or a liquor obtained from a pretreated cellulosic
material such as pretreated corn stover (PCS).

The dioxy compound may include any suitable compound
containing two or more oxygen atoms. In some aspects, the
dioxy compounds contain a substituted aryl moiety as
described herein. The dioxy compounds may comprise one
or more (several) hydroxyl and/or hydroxyl derivatives, but
also include substituted aryl moieties lacking hydroxyl and
hydroxyl derivatives. Non-limiting examples of dioxy com-
pounds include pyrocatechol or catechol; caffeic acid; 3,4-
dihydroxybenzoic acid; 4-tert-butyl-5-methoxy-1,2-ben-
zenediol;  pyrogallol;  gallic  acid;  methyl-3,4,5-
trihydroxybenzoate; 2,3,4-trihydroxybenzophenone; 2,6-
dimethoxyphenol; sinapinic acid; 3,5-dihydroxybenzoic
acid; 4-chloro-1,2-benzenediol; 4-nitro-1,2-benzenediol;
tannic acid; ethyl gallate; methyl glycolate; dihydroxyfu-
maric acid; 2-butyne-1,4-diol; (croconic acid; 1,3-propane-
diol; tartaric acid; 2,4-pentanediol; 3-ethyoxy-1,2-propane-
diol; 2,4,4'-trihydroxybenzophenone; cis-2-butene-1,4-diol;
3,4-dihydroxy-3-cyclobutene-1,2-dione; dihydroxyacetone;
acrolein acetal; methyl-4-hydroxybenzoate; 4-hydroxyben-
zoic acid; and methyl-3,5-dimethoxy-4-hydroxybenzoate; or
a salt or solvate thereof.

The bicyclic compound may include any suitable substi-
tuted fused ring system as described herein. The compounds
may comprise one or more (several) additional rings, and are
not limited to a specific number of rings unless otherwise
stated. In one aspect, the bicyclic compound is a flavonoid.
In another aspect, the bicyclic compound is an optionally
substituted isoflavonoid. In another aspect, the bicyclic
compound is an optionally substituted flavylium ion, such as
an optionally substituted anthocyanidin or optionally sub-
stituted anthocyanin, or derivative thereof. Non-limiting
examples of bicyclic compounds include epicatechin; quer-
cetin; myricetin; taxifolin; kaempferol; morin; acacetin;
naringenin; isorhamnetin; apigenin; cyanidin; cyanin; kuro-
manin; (keracyanin; or a salt or solvate thereof.

The heterocyclic compound may be any suitable com-
pound, such as an optionally substituted aromatic or non-
aromatic ring comprising a heteroatom, as described herein.
In one aspect, the heterocyclic is a compound comprising an
optionally substituted heterocycloalkyl moiety or an option-
ally substituted heteroaryl moiety. In another aspect, the
optionally substituted heterocycloalkyl moiety or optionally
substituted heteroaryl moiety is an optionally substituted
S-membered heterocycloalkyl or an optionally substituted
S5-membered heteroaryl moiety. In another aspect, the
optionally substituted heterocycloalkyl or optionally substi-
tuted heteroaryl moiety is an optionally substituted moiety
selected from pyrazolyl, furanyl, imidazolyl, isoxazolyl,
oxadiazolyl, oxazolyl, pyrrolyl, pyridyl, pyrimidyl,
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pyridazinyl, thiazolyl, triazolyl, thienyl, dihydrothieno-
pyrazolyl, thianaphthenyl, carbazolyl, benzimidazolyl, ben-
zothienyl, benzofuranyl, indolyl, quinolinyl, benzotriazolyl,
benzothiazolyl, benzooxazolyl, benzimidazolyl, isoquinoli-
nyl, isoindolyl, acridinyl, benzoisazolyl, dimethylhydantoin,
pyrazinyl, tetrahydrofuranyl, pyrrolinyl, pyrrolidinyl, mor-
pholinyl, indolyl, diazepinyl, azepinyl, thiepinyl, piperidi-
nyl, and oxepinyl. In another aspect, the optionally substi-
tuted heterocycloalkyl moiety or optionally substituted
heteroaryl moiety is an optionally substituted furanyl. Non-
limiting examples of heterocyclic compounds include (1,2-
dihydroxyethyl)-3,4-dihydroxyfu  ran-2(5SH)-one; 4-hy-
droxy-5-methyl-3-furanone;  5-hydroxy-2(5H)-furanone;
[1,2-dihydroxyethyl]|furan-2,3,4(SH)-trione; a-hydroxy-y-
butyrolactone; ribonic y-lactone; aldohexuronicaldo-
hexuronic acid y-lactone; gluconic acid d-lactone; 4-hy-
droxycoumarin; dihydrobenzofuran; 5-(hydroxymethyl)
furfural; furoin; 2(SH)-furanone; 5,6-dihydro-2H-pyran-2-
one; and 5,6-dihydro-4-hydroxy-6-methyl-2H-pyran-2-one;
or a salt or solvate thereof.

The nitrogen-containing compound may be any suitable
compound with one or more nitrogen atoms. In one aspect,
the nitrogen-containing compound comprises an amine,
imine, hydroxylamine, or nitroxide moiety. Non-limiting
examples of nitrogen-containing compounds include
acetone oxime; violuric acid; pyridine-2-aldoxime;
2-aminophenol; 1,2-benzenediamine; 2,2,6,6-tetramethyl-1-
piperidinyloxy; 5,6,7.8-tetrahydrobiopterin; 6,7-dimethyl-5,
6,7,8-tetrahydropterine; and maleamic acid; or a salt or
solvate thereof.

The quinone compound may be any suitable compound
comprising a quinone moiety as described herein. Non-
limiting examples of quinone compounds include 1,4-ben-
zoquinone; 1,4-naphthoquinone; 2-hydroxy-1,4-naphtho-
quinone;  2,3-dimethoxy-5-methyl-1,4-benzoquinone or
coenzyme Qg 2,3,5,6-tetramethyl-1,4-benzoquinone or
duroquinone; 1,4-dihydroxyanthraquinone; 3-hydroxy-1-
methyl-5,6-indolinedione or adrenochrome; 4-tert-butyl-5-
methoxy-1,2-benzoquinone; pyrroloquinoline quinone; or a
salt or solvate thereof.

The sulfur-containing compound may be any suitable
compound comprising one or more sulfur atoms. In one
aspect, the sulfur-containing comprises a moiety selected
from thionyl, thioether, sulfinyl, sulfonyl, sulfamide, sulfo-
namide, sulfonic acid, and sulfonic ester. Non-limiting
examples of sulfur-containing compounds include eth-
anethiol; 2-propanethiol; 2-propene-1-thiol; 2-mercaptoeth-
anesulfonic acid; benzenethiol; benzene-1,2-dithiol; cyste-
ine; methionine; glutathione; cystine; or a salt or solvate
thereof.

In one aspect, an effective amount of such a compound
described above to cellulosic material as a molar ratio to
glucosyl units of cellulose is about 107° to about 10, e.g.,
about 1076 to about 7.5, about 107 to about 5, about 107 to
about 2.5, about 1075 to about 1, about 107 to about 1, about
107° to about 107}, about 10~ to about 107!, about 1073 to
about 107!, and about 107> to about 1072, In another aspect,
an effective amount of such a compound described above is
about 0.1 pM to about 1 M, e.g., about 0.5 uM to about 0.75
M, about 0.75 uM to about 0.5 M, about 1 uM to about 0.25
M, about 1 uM to about 0.1 M, about 5 uM to about 50 mM,
about 10 uM to about 25 mM, about 50 uM to about 25 mM,
about 10 uM to about 10 mM, about 5 uM to about 5 mM,
and about 0.1 mM to about 1 mM.

In embodiments, the term liquor refers to the solution
phase, either aqueous, organic, or a combination thereof,
arising from treatment of a lignocellulose and/or hemicel-
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Iulose material in a slurry, or monosaccharides thereof, e.g.,
xylose, arabinose, mannose, etc., under conditions as
described herein, and the soluble contents thereof. A liquor
for cellulolytic enhancement of a GH61 polypeptide can be
produced by treating a lignocellulose or hemicellulose mate-
rial (or feedstock) by applying heat and/or pressure, option-
ally in the presence of a catalyst, e.g., acid, optionally in the
presence of an organic solvent, and optionally in combina-
tion with physical disruption of the material, and then
separating the solution from the residual solids. Such con-
ditions determine the degree of cellulolytic enhancement
obtainable through the combination of liquor and a GH61
polypeptide during hydrolysis of a cellulosic substrate by a
cellulase preparation. The liquor can be separated from the
treated material using methods standard in the art, such as
filtration, sedimentation, or centifugation.

In one aspect, an effective amount of the liquor to
cellulose is about 107° to about 10 g per g of cellulose, e.g.,
about 107° to about 7.5 g, about 10~° to about 5, about 107°
to about 2.5 g, about 107° to about 1 g, about 107> to about
1 g, about 10~ to about 107! g, about 10~* to about 107" g,
about 10~ to about 107! g, and about 107> to about 1072 g
per g of cellulose.

In one aspect, the one or more (several) hemicellulolytic
enzymes comprise a commercial hemicellulolytic enzyme
preparation. Examples of commercial hemicellulolytic
enzyme preparations suitable for use in the present invention
include, for example, SHEARZYME™ (Novozymes NS),
CELLIC™ HTec (Novozymes NS), CELLIC™ HTec2 (No-
vozymes NS), VISCOZYME® (Novozymes NS), ULTRA-
FLO® (Novozymes A/S), PULPZYME® HC (Novozymes
A/S), MULTIFECT® Xylanase (Genencor), ECOPULP®
TX-200A (AB Enzymes), HSP 6000 Xylanase (DSM),
DEPOL™ 333P (Biocatalysts Limit, Wales, UK), DEPOL™
740L. (Biocatalysts Limit, Wales, UK), and DEPOL™ 762P
(Biocatalysts Limit, Wales, UK).

Examples of xylanases useful in the processes of the
present invention include, but are not limited to, Aspergillus
aculeatus xylanase (GeneSeqP: AAR63790; WO 94/21785),
Aspergillus fumigatus xylanases (WO 2006/078256; xyl 3
SEQ ID NO: 129 [DNA sequence| and SEQ ID NO: 130
[deduced amino acid sequence]), and Tkielavia terrestris
NRRL 8126 xylanases (WO 2009/079210).

Examples of beta-xylosidases useful in the processes of
the present invention include, but are not limited to,
Trichoderma reesei beta-xylosidase (UniProtKB/TrEMBL
accession number Q92458; SEQ ID NO: 131 [DNA
sequence] and SEQ ID NO: 132 [deduced amino acid
sequence)), Ialaromyces emersonii (SwissProt accession
number Q8x212), and Neurospora crassa (SwissProt acces-
sion number Q7SOW4).

Examples of acetylxylan esterases useful in the processes
of the present invention include, but are not limited to,
Hypocrea jecorina acetylxylan esterase (WO 2005/001036),
Neurospora crassa acetylxylan esterase (UniProt accession
number q7s259), Thielavia terrestris NRRL 8126 acetylxy-
lan esterase (WO 2009/042846), Chaetomium globosum
acetylxylan esterase (Uniprot accession number Q2GWX4),
Chaetomium gracile acetylxylan esterase (GeneSeqP acces-
sion number AABS82124), Phaeosphaeria nodorum
acetylxylan esterase (Uniprot accession number QOUHI1),
and Humicola insolens DSM 1800 acetylxylan esterase (WO
2009/073709).

Examples of ferulic acid esterases useful in the processes
of the present invention include, but are not limited to,
Humicola insolens DSM 1800 feruloyl esterase (WO 2009/
076122), Neurospora crassa feruloyl esterase (UniProt
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accession number QOHGR3), and Neosartorya fischeri feru-
loyl esterase (UniProt Accession number AD19T4).

Examples of arabinofuranosidases useful in the processes
of the present invention include, but are not limited to,
Humicola insolens DSM 1800 arabinofuranosidase (WO
2009/073383) and Aspergillus niger arabinofuranosidase
(GeneSeqP accession number AAR94170).

Examples of alpha-glucuronidases useful in the processes
of the present invention include, but are not limited to,
Aspergillus clavatus alpha-glucuronidase (UniProt acces-
sion number alccl2), Trichoderma reesei alpha-glucuroni-
dase (Uniprot accession number Q99024), Talaromyces
emersonii alpha-glucuronidase (UniProt accession number
Q8x211), Aspergillus niger alpha-glucuronidase (Uniprot
accession number Q96WX9), Aspergillus terreus alpha-
glucuronidase (SwissProt accession number QOCJP9), and
Aspergillus  fumigatus alpha-glucuronidase (SwissProt
accession number Q4WW45).

The enzymes and proteins used in the processes of the
present invention may be produced by fermentation of the
above-noted microbial strains on a nutrient medium con-
taining suitable carbon and nitrogen sources and inorganic
salts, using procedures known in the art (see, e.g., Bennett,
J. W. and LaSure, L. (eds.), More Gene Manipulations in
Fungi, Academic Press, CA, 1991). Suitable media are
available from commercial suppliers or may be prepared
according to published compositions (e.g., in catalogues of
the American Type Culture Collection). Temperature ranges
and other conditions suitable for growth and enzyme pro-
duction are known in the art (see, e.g., Bailey, J. E.; and
Ollis, D. F., Biochemical Engineering Fundamentals,
McGraw-Hill Book Company, NY, 1986).

The fermentation can be any method of cultivation of a
cell resulting in the expression or isolation of an enzyme.
Fermentation may, therefore, be understood as comprising
shake flask cultivation, or small- or large-scale fermentation
(including continuous, batch, fed-batch, or solid state fer-
mentations) in laboratory or industrial fermentors performed
in a suitable medium and under conditions allowing the
enzyme to be expressed or isolated. The resulting enzymes
produced by the methods described above may be recovered
from the fermentation medium and purified by conventional
procedures.

Nucleic Acid Constructs

An isolated polynucleotide encoding a polypeptide, e.g.,
a GH61 polypeptide having cellulolytic enhancing activity,
a cellulolytic enzyme, a hemicellulolytic enzyme, etc., may
be manipulated in a variety of ways to provide for expres-
sion of the polypeptide by constructing a nucleic acid
construct comprising an isolated polynucleotide encoding
the polypeptide operably linked to one or more (several)
control sequences that direct the expression of the coding
sequence in a suitable host cell under conditions compatible
with the control sequences. Manipulation of the polynucle-
otide’s sequence prior to its insertion into a vector may be
desirable or necessary depending on the expression vector.
The techniques for modifying polynucleotide sequences
utilizing recombinant DNA methods are well known in the
art.

The control sequence may be a promoter sequence, a
polynucleotide that is recognized by a host cell for expres-
sion of a polynucleotide encoding a polypeptide. The pro-
moter sequence contains transcriptional control sequences
that mediate the expression of the polypeptide. The promoter
may be any polynucleotide that shows transcriptional activ-
ity in the host cell of choice including mutant, truncated, and
hybrid promoters, and may be obtained from genes encoding
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extracellular or intracellular polypeptides either homologous
or heterologous to the host cell.

Examples of suitable promoters for directing the tran-
scription of the nucleic acid constructs in the present inven-
tion in a bacterial host cell are the promoters obtained from
the Bacillus amyloliquefaciens alpha-amylase gene (amyQ),
Bacillus licheniformis alpha-amylase gene (amyL.), Bacillus
licheniformis penicillinase gene (penP), Bacillus stearother-
mophilus maltogenic amylase gene (amyM), Bacillus sub-
tilis levansucrase gene (sacB), Bacillus subtilis xylA and
xylB genes, E. coli lac operon, Streptomyces coelicolor
agarase gene (dagA), and prokaryotic beta-lactamase gene
(VIlla-Kamaroft et al., 1978, Proc. Natl. Acad. Sci. USA 75:
3727-3731), as well as the tac promoter (DeBoer et al., 1983,
Proc. Natl. Acad. Sci. USA 80: 21-25). Further promoters are
described in “Useful proteins from recombinant bacteria” in
Gilbert et al., 1980, Scientific American, 242: 74-94; and in
Sambrook et al., 1989, supra.

Examples of suitable promoters for directing the tran-
scription of the nucleic acid constructs in the present inven-
tion in a filamentous fungal host cell are promoters obtained
from the genes for Aspergillus nidulans acetamidase, Asper-
gillus niger neutral alpha-amylase, Aspergillus niger acid
stable alpha-amylase, Aspergillus niger or Aspergillus
awamori glucoamylase (glaA), Aspergillus oryzae TAKA
amylase, Aspergillus oryzae alkaline protease, Aspergillus
oryzae triose phosphate isomerase, Fusarium oxysporum
trypsin-like protease (WO 96/00787), Fusarium venenatum
amyloglucosidase (WO 00/56900), Fusarium venenatum
Dania (WO 00/56900), Fusarium venenatum Quinn (WO
00/56900), Rhizomucor miehei lipase, Rhizomucor miehei
aspartic proteinase, Trichoderma reesei beta-glucosidase,
Trichoderma reesei cellobiohydrolase 1, Trichoderma reesei
cellobiohydrolase 1I, Trichoderma reesei endoglucanase I,
Trichoderma reesei endoglucanase 11, Trichoderma reesei
endoglucanase 11I, Trichoderma reesei endoglucanase 1V,
Trichoderma reesei endoglucanase V, Trichoderma reesei
xylanase 1, Trichoderma reesei xylanase 11, Trichoderma
reesei beta-xylosidase, as well as the NA2-tpi promoter (a
modified promoter from a gene encoding a neutral alpha-
amylase in Aspergilli in which the untranslated leader has
been replaced by an untranslated leader from a gene encod-
ing triose phosphate isomerase in Aspergilli; non-limiting
examples include modified promoters from the gene encod-
ing neutral alpha-amylase in Aspergillus niger in which the
untranslated leader has been replaced by an untranslated
leader from the gene encoding triose phosphate isomerase in
Aspergillus nidulans or Aspergillus oryzae); and mutant,
truncated, and hybrid promoters thereof.

In a yeast host, useful promoters are obtained from the
genes for Saccharomyces cerevisiae enolase (ENO-1), Sac-
charomyces cerevisiae galactokinase (GAL1), Saccharomy-
ces cerevisiae alcohol dehydrogenase/glyceraldehyde-3-
phosphate ~ dehydrogenase ~ (ADH1,  ADH2/GAP),
Saccharomyces cerevisiae triose phosphate isomerase (TPI),
Saccharomyces cerevisiae metallothionein (CUP1), and
Saccharomyces cerevisiae 3-phosphoglycerate kinase. Other
useful promoters for yeast host cells are described by
Romanos et al., 1992, Yeast 8: 423-488.

The control sequence may also be a suitable transcription
terminator sequence, which is recognized by a host cell to
terminate transcription. The terminator sequence is operably
linked to the 3'-terminus of the polynucleotide encoding the
polypeptide. Any terminator that is functional in the host cell
of choice may be used in the present invention.

Preferred terminators for filamentous fungal host cells are
obtained from the genes for Aspergillus nidulans anthra-
nilate synthase, Aspergillus niger glucoamylase, Aspergillus
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niger alpha-glucosidase, Aspergillus oryzae TAKA amylase,
and Fusarium oxysporum trypsin-like protease.

Preferred terminators for yeast host cells are obtained
from the genes for Saccharomyces cerevisiae enolase, Sac-
charomyces cerevisiae cytochrome C (CYC1), and Saccha-
romyces cerevisiae glyceraldehyde-3-phosphate dehydroge-
nase. Other useful terminators for yeast host cells are
described by Romanos et al., 1992, supra.

The control sequence may also be a suitable leader
sequence, when transcribed is a nontranslated region of an
mRNA that is important for translation by the host cell. The
leader sequence is operably linked to the 5'-terminus of the
polynucleotide encoding the polypeptide. Any leader
sequence that is functional in the host cell of choice may be
used.

Preferred leaders for filamentous fungal host cells are
obtained from the genes for Aspergillus oryzae TAKA
amylase and Aspergillus nidulans triose phosphate
isomerase.

Suitable leaders for yeast host cells are obtained from the
genes for Saccharomyces cerevisiae enolase (ENO-1), Sac-
charomyces cerevisiae 3-phosphoglycerate kinase, Saccha-
romyces cerevisiae alpha-factor, and Saccharomyces cerevi-
siae alcohol dehydrogenase/glyceraldehyde-3-phosphate
dehydrogenase (ADH2/GAP).

The control sequence may also be a polyadenylation
sequence, a sequence operably linked to the 3'-terminus of
the polynucleotide and, when transcribed, is recognized by
the host cell as a signal to add polyadenosine residues to
transcribed mRNA. Any polyadenylation sequence that is
functional in the host cell of choice may be used.

Preferred polyadenylation sequences for filamentous fun-
gal host cells are obtained from the genes for Aspergillus
oryzae TAKA amylase, Aspergillus niger glucoamylase,
Aspergillus  nidulans anthranilate synthase, Fusarium
oxysporum trypsin-like protease, and Aspergillus niger
alpha-glucosidase.

Useful polyadenylation sequences for yeast host cells are
described by Guo and Sherman, 1995, Mol. Cellular Biol.
15: 5983-5990.

The control sequence may also be a signal peptide coding
region that encodes a signal peptide linked to the N-terminus
of a polypeptide and directs the polypeptide into the cell’s
secretory pathway. The 5'-end of the coding sequence of the
polynucleotide may inherently contain a signal peptide
coding sequence naturally linked in translation reading
frame with the segment of the coding sequence that encodes
the polypeptide. Alternatively, the 5'-end of the coding
sequence may contain a signal peptide coding sequence that
is foreign to the coding sequence. The foreign signal peptide
coding sequence may be required where the coding
sequence does not naturally contain a signal peptide coding
sequence. Alternatively, the foreign signal peptide coding
sequence may simply replace the natural signal peptide
coding sequence in order to enhance secretion of the poly-
peptide. However, any signal peptide coding sequence that
directs the expressed polypeptide into the secretory pathway
of a host cell of choice may be used.

Effective signal peptide coding sequences for bacterial
host cells are the signal peptide coding sequences obtained
from the genes for Bacillus NCIB 11837 maltogenic amy-
lase, Bacillus licheniformis subtilisin, Bacillus licheniformis
beta-lactamase, Bacillus stearothermophilus alpha-amylase,
Bacillus stearothermophilus neutral proteases (nprT, nprS,
nprM), and Bacillus subtilis prsA. Further signal peptides
are described by Simonen and Palva, 1993, Microbiological
Reviews 57: 109-137.
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Effective signal peptide coding sequences for filamentous
fungal host cells are the signal peptide coding sequences
obtained from the genes for Aspergillus niger neutral amy-
lase, Aspergillus niger glucoamylase, Aspergillus oryzae
TAKA amylase, Humicola insolens cellulase, Humicola
insolens endoglucanase V, Humicola lanuginosa lipase, and
Rhizomucor miehei aspartic proteinase.

Useful signal peptides for yeast host cells are obtained
from the genes for Saccharomyces cerevisiae alpha-factor
and Saccharomyces cerevisiae invertase. Other useful signal
peptide coding sequences are described by Romanos et al.,
1992, supra.

The control sequence may also be a propeptide coding
sequence that encodes a propeptide positioned at the N-ter-
minus of a polypeptide. The resultant polypeptide is known
as a proenzyme or propolypeptide (or a zymogen in some
cases). A propolypeptide is generally inactive and can be
converted to an active polypeptide by catalytic or autocata-
Iytic cleavage of the propeptide from the propolypeptide.
The propeptide coding sequence may be obtained from the
genes for Bacillus subtilis alkaline protease (aprE), Bacillus
subtilis neutral protease (nprl), Myceliophthora thermo-
phila laccase (WO 95/33836), Rhizomucor miehei aspartic
proteinase, and Saccharomyces cerevisiae alpha-factor.

Where both signal peptide and propeptide sequences are
present at the N-terminus of a polypeptide, the propeptide
sequence is positioned next to the N-terminus of a polypep-
tide and the signal peptide sequence is positioned next to the
N-terminus of the propeptide sequence.

It may also be desirable to add regulatory sequences that
allow the regulation of the expression of the polypeptide
relative to the growth of the host cell. Examples of regula-
tory systems are those that cause the expression of the gene
to be turned on or off in response to a chemical or physical
stimulus, including the presence of a regulatory compound.
Regulatory systems in prokaryotic systems include the lac,
tac, and trp operator systems. In yeast, the ADH2 system or
GALI system may be used. In filamentous fungi, the Asper-
gillus miger glucoamylase promoter, Aspergillus oryzae
TAKA alpha-amylase promoter, and Aspergillus oryzae glu-
coamylase promoter may be used. Other examples of regu-
latory sequences are those that allow for gene amplification.
In eukaryotic systems, these regulatory sequences include
the dihydrofolate reductase gene that is amplified in the
presence of methotrexate, and the metallothionein genes that
are amplified with heavy metals. In these cases, the poly-
nucleotide encoding the polypeptide would be operably
linked with the regulatory sequence.

Expression Vectors

The various nucleotide and control sequences described
above may be joined together to produce a recombinant
expression vector that may include one or more (several)
convenient restriction sites to allow for insertion or substi-
tution of a polynucleotide encoding a polypeptide, e.g., a
GH61 polypeptide having cellulolytic enhancing activity, a
cellulolytic enzyme, a hemicellulolytic enzyme, etc., at such
sites. Alternatively, the polynucleotide may be expressed by
inserting the polynucleotide or a nucleic acid construct
comprising the sequence into an appropriate vector for
expression. In creating the expression vector, the coding
sequence is located in the vector so that the coding sequence
is operably linked with the appropriate control sequences for
expression.

The recombinant expression vector may be any vector
(e.g., a plasmid or virus) that can be conveniently subjected
to recombinant DNA procedures and can bring about expres-
sion of the polynucleotide. The choice of the vector will
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typically depend on the compatibility of the vector with the
host cell into which the vector is to be introduced. The vector
may be a linear or closed circular plasmid.

The vector may be an autonomously replicating vector,
i.e., a vector that exists as an extrachromosomal entity, the
replication of which is independent of chromosomal repli-
cation, e.g., a plasmid, an extrachromosomal element, a
minichromosome, or an artificial chromosome. The vector
may contain any means for assuring self-replication. Alter-
natively, the vector may be one that, when introduced into
the host cell, is integrated into the genome and replicated
together with the chromosome(s) into which it has been
integrated. Furthermore, a single vector or plasmid or two or
more vectors or plasmids that together contain the total
DNA to be introduced into the genome of the host cell, or a
transposon, may be used.

The vector preferably contains one or more (several)
selectable markers that permit easy selection of transformed,
transfected, transduced, or the like cells. A selectable marker
is a gene the product of which provides for biocide or viral
resistance, resistance to heavy metals, prototrophy to auxo-
trophs, and the like.

Examples of bacterial selectable markers are the dal genes
from Bacillus subtilis or Bacillus licheniformis, or markers
that confer antibiotic resistance such as ampicillin, chloram-
phenicol, kanamycin, or tetracycline resistance. Suitable
markers for yeast host cells are ADE2, HIS3, LEU2, LYS2,
MET3, TRP1, and URA3. Selectable markers for use in a
filamentous fungal host cell include, but are not limited to,
amdS (acetamidase), argB (ornithine carbamoyltransferase),
bar (phosphinothricin acetyltransferase), hph (hygromycin
phosphotransferase), niaD (nitrate reductase), pyrG (oroti-
dine-5'-phosphate decarboxylase), sC (sulfate adenyltrans-
ferase), and trpC (anthranilate synthase), as well as equiva-
lents thereof. Preferred for use in an Aspergillus cell are the
amdS and pyrG genes of Aspergillus nidulans or Aspergillus
oryzae and the bar gene of Streptomyces hygroscopicus.

The vector preferably contains an element(s) that permits
integration of the vector into the host cell’s genome or
autonomous replication of the vector in the cell independent
of the genome.

For integration into the host cell genome, the vector may
rely on the polynucleotide’s sequence encoding the poly-
peptide or any other element of the vector for integration
into the genome by homologous or non-homologous recom-
bination. Alternatively, the vector may contain additional
polynucleotides for directing integration by homologous
recombination into the genome of the host cell at a precise
location(s) in the chromosome(s). To increase the likelihood
of integration at a precise location, the integrational ele-
ments should contain a sufficient number of nucleic acids,
such as 100 to 10,000 base pairs, 400 to 10,000 base pairs,
and 800 to 10,000 base pairs, which have a high degree of
sequence identity to the corresponding target sequence to
enhance the probability of homologous recombination. The
integrational elements may be any sequence that is homolo-
gous with the target sequence in the genome of the host cell.
Furthermore, the integrational elements may be non-encod-
ing or encoding polynucleotides. On the other hand, the
vector may be integrated into the genome of the host cell by
non-homologous recombination.

For autonomous replication, the vector may further com-
prise an origin of replication enabling the vector to replicate
autonomously in the host cell in question. The origin of
replication may be any plasmid replicator mediating autono-
mous replication that functions in a cell. The term “origin of
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replication” or “plasmid replicator” means a polynucleotide
that enables a plasmid or vector to replicate in vivo.

Examples of bacterial origins of replication are the origins
of replication of plasmids pBR322, pUC19, pACYC177,
and pACYC184 permitting replication in E. coli, and
pUB110, pE194, pTA1060, and pAMRI1 permitting replica-
tion in Bacillus.

Examples of origins of replication for use in a yeast host
cell are the 2 micron origin of replication, ARS1, ARS4, the
combination of ARS1 and CEN3, and the combination of
ARS4 and CENG6.

Examples of origins of replication useful in a filamentous
fungal cell are AMA1 and ANS1 (Gems et al., 1991, Gene
98: 61-67; Cullen et al., 1987, Nucleic Acids Res. 15:
9163-9175; WO 00/24883). Isolation of the AMA1 gene and
construction of plasmids or vectors comprising the gene can
be accomplished according to the methods disclosed in WO
00/24883.

More than one copy of a polynucleotide may be inserted
into a host cell to increase production of a polypeptide. An
increase in the copy number of the polynucleotide can be
obtained by integrating at least one additional copy of the
sequence into the host cell genome or by including an
amplifiable selectable marker gene with the polynucleotide
where cells containing amplified copies of the selectable
marker gene, and thereby additional copies of the polynucle-
otide, can be selected for by cultivating the cells in the
presence of the appropriate selectable agent.

The procedures used to ligate the elements described
above to construct the recombinant expression vectors are
well known to one skilled in the art (see, e.g., Sambrook et
al., 1989, supra).

Host Cells

Recombinant host cells comprising a polynucleotide
encoding a polypeptide, e.g., a GH61 polypeptide having
cellulolytic enhancing activity, a cellulolytic enzyme, a
hemicellulolytic enzyme, etc., can be advantageously used
in the recombinant production of the polypeptide. A con-
struct or vector comprising such a polynucleotide is intro-
duced into a host cell so that the vector is maintained as a
chromosomal integrant or as a self-replicating extra-chro-
mosomal vector as described earlier. The term “host cell”
encompasses any progeny of a parent cell that is not iden-
tical to the parent cell due to mutations that occur during
replication. The choice of a host cell will to a large extent
depend upon the gene encoding the polypeptide and its
source.

The host cell may be any cell useful in the recombinant
production of a polypeptide, e.g., a prokaryote or a eukary-
ote.

The prokaryotic host cell may be any gram-positive or
gram-negative bacterium. Gram-positive bacteria include,
but not limited to, Bacillus, Clostridium, Enterococcus,
Geobacillus, Lactobacillus, Lactococcus, Oceanobacillus,
Staphylococcus, Streptococcus, and Streptomyces. Gram-
negative bacteria include, but not limited to, Campylobacter,
E. coli, Flavobacterium, Fusobacterium, Helicobacter, llyo-
bacter, Neisseria, Pseudomonas, Salmonella, and Urea-
plasma.

The bacterial host cell may be any Bacillus cell including,
but not limited to, Bacillus alkalophilus, Bacillus amyloliq-
uefaciens, Bacillus brevis, Bacillus circulans, Bacillus
clausii, Bacillus coagulans, Bacillus firmus, Bacillus lautus,
Bacillus lentus, Bacillus licheniformis, Bacillus megate-
rium, Bacillus pumilus, Bacillus stearothermophilus, Bacil-
lus subtilis, and Bacillus thuringiensis cells.

The bacterial host cell may also be any Streprococcus cell
including, but not limited to, Streptococcus equisimilis,
Streptococcus pyogenes, Streptococcus uberis, and Strepto-
coccus equi subsp. Zooepidemicus cells.
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The bacterial host cell may also be any Strepromyces cell
including, but not limited to, Streptomyces achromogenes,
Streptomyces avermitilis, Streptomyces coelicolor, Strepto-
myces griseus, and Streptomyces lividans cells.

The introduction of DNA into a Bacillus cell may, for
instance, be effected by protoplast transformation (see, e.g.,
Chang and Cohen, 1979, Mol. Gen. Genet. 168: 111-115), by
using competent cells (see, e.g., Young and Spizizen, 1961,
J. Bacteriol. 81: 823-829, or Dubnau and Davidoff-Abelson,
1971, J. Mol. Biol. 56: 209-221), by electroporation (see,
e.g., Shigekawa and Dower, 1988, Biotechniques 6: 742-
751), or by conjugation (see, e.g., Koehler and Thorne,
1987, J. Bacteriol. 169: 5271-5278). The introduction of
DNA into an E. coli cell may, for instance, be effected by
protoplast transformation (see, e.g., Hanahan, 1983, J. Mol.
Biol. 166: 557-580) or electroporation (see, e.g., Dower et
al., 1988, Nucleic Acids Res. 16: 6127-6145). The introduc-
tion of DNA into a Streptomyces cell may, for instance, be
effected by protoplast transformation and electroporation
(see, e.g., Gong et al., 2004, Folia Microbiol. (Praha) 49:
399-405), by conjugation (see, e.g., Mazodier et al., 1989, J.
Bacteriol. 171: 3583-3585), or by transduction (see, e.g.,
Burke et al., 2001, Proc. Natl. Acad. Sci. USA 98: 6289-
6294). The introduction of DNA into a Pseudomonas cell
may, for instance, be effected by electroporation (see, e.g.,
Choi et al., 2006, J. Microbiol. Methods 64: 391-397) or by
conjugation (see, e.g., Pinedo and Smets, 2005, Appl. Envi-
ron. Microbiol. 71: 51-57). The introduction of DNA into a
Streptococcus cell may, for instance, be effected by natural
competence (see, e.g., Perry and Kuramitsu, 1981, Infect.
Immun. 32: 1295-1297), by protoplast transformation (see,
e.g., Catt and Jollick, 1991, Microbios 68: 189-207), by
electroporation (see, e.g., Buckley et al., 1999, Appl. Envi-
ron. Microbiol. 65: 3800-3804) or by conjugation (see, e.g.,
Clewell, 1981, Microbiol. Rev. 45: 409-436). However, any
method known in the art for introducing DNA into a host cell
can be used.

The host cell may also be a eukaryote, such as a mam-
malian, insect, plant, or fungal cell.

The host cell may be a fungal cell. “Fungi” as used herein
includes the phyla Ascomycota, Basidiomycota, Chytridio-
mycota, and Zygomycota (as defined by Hawksworth et al.,
In, Ainsworth and Bisby’s Dictionary of The Fungi, 8th
edition, 1995, CAB International, University Press, Cam-
bridge, UK) as well as the Oomycota (as cited in Hawks-
worth et al., 1995, supra, page 171) and all mitosporic fungi
(Hawksworth et al., 1995, supra).

The fungal host cell may be a yeast cell. “Yeast” as used
herein includes ascosporogenous yeast (Endomycetales),
basidiosporogenous yeast, and yeast belonging to the Fungi
Imperfecti (Blastomycetes). Since the classification of yeast
may change in the future, for the purposes of this invention,
yeast shall be defined as described in Biology and Activities
of Yeast (Skinner, F. A., Passmore, S. M., and Davenport, R.
R., eds, Soc. App. Bacteriol. Symposium Series No. 9, 1980).

The yeast host cell may be a Candida, Hansenula,
Kluyveromyces, Pichia, Saccharomyces, Schizosaccharomy-
ces, or Yarrowia cell such as a Kluyveromyces lactis, Sac-
charomyces carlsbergensis, Saccharomyces cerevisiae, Sac-
charomyces  diastaticus,  Saccharomyces  douglasii,
Saccharomyces kluyveri, Saccharomyces norbensis, Saccha-
romyces oviformis, or Yarrowia lipolytica cell.

The fungal host cell may be a filamentous fungal cell.
“Filamentous fungi” include all filamentous forms of the
subdivision Eumycota and Oomycota (as defined by Hawk-
sworth et al., 1995, supra). The filamentous fungi are gen-
erally characterized by a mycelial wall composed of chitin,
cellulose, glucan, chitosan, mannan, and other complex
polysaccharides. Vegetative growth is by hyphal elongation
and carbon catabolism is obligately aerobic. In contrast,
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vegetative growth by yeasts such as Saccharomyces cerevi-
siae is by budding of a unicellular thallus and carbon
catabolism may be fermentative.

The filamentous fungal host cell may be an Acremonium,
Aspergillus, Aureobasidium, Bjerkandera, Ceriporiopsis,
Chrysosporium, Coprinus, Coriolus, Cryptococcus, Filiba-
sidium, Fusarium, Humicola, Magnaporthe, Mucor, Myce-
liophthora, Neocallimastix, Neurospora, Paecilomyces,
Penicillium, Phanerochaete, Phlebia, Piromyces, Pleurotus,
Schizophyllum, Talaromyces, Thermoascus, Thielavia, Toly-
pocladium, Trametes, or Trichoderma cell.

For example, the filamentous fungal host cell may be an
Aspergillus  awamori, Aspergillus foetidus, Aspergillus
fumigatus, Aspergillus japonicus, Aspergillus nidulans,
Aspergillus niger, Aspergillus oryzae, Bjerkandera adusta,
Ceriporiopsis aneirina, Ceriporiopsis caregiea, Ceriporiop-
sis gilvescens, Ceriporiopsis pannocinta, Ceriporiopsis
rivulosa, Ceriporiopsis subrufa, Ceriporiopsis subver-
mispora, Chrysosporium inops, Chrysosporium keratino-
philum, Chrysosporium lucknowense, Chrysosporium mer-
darium,  Chrysosporium  pannicola,  Chrysosporium
queenslandicum, Chrysosporium tropicum, Chrysosporium
zonatum, Coprinus cinereus, Coriolus hirsutus, Fusarium
bactridioides, Fusarium cerealis, Fusarium crookwellense,
Fusarium culmorum, Fusarium graminearum, Fusarium
graminum, Fusarium heterosporum, Fusarium negundi,
Fusarium oxysporum, Fusarium veticulatum, Fusarium
roseum, Fusarium sambucinum, Fusarium sarcochroum,
Fusarium  sporotrichioides,  Fusarium  sulphureum,
Fusarium torulosum, Fusarium trichothecioides, Fusarium
venenatum, Humicola insolens, Humicola lanuginosa,
Mucor miehei, Myceliophthora thermophila, Neurospora
crassa, Penicillium purpurogenum, Phanerochaete chrys-
osporium, Phlebia radiata, Pleurotus eryngii, Thielavia
terrvestris, Irametes villosa, Trametes versicolor,
Trichoderma harzianum, Trichoderma koningii,
Trichoderma longibrachiatum, Trichoderma reesei, or
Trichoderma viride cell.

Fungal cells may be transformed by a process involving
protoplast formation, transformation of the protoplasts, and
regeneration of the cell wall in a manner known per se.
Suitable procedures for transformation of Aspergillus and
Trichoderma host cells are described in EP 238023, Yelton
etal., 1984, Proc. Natl. Acad. Sci. USA 81: 1470-1474, and
Christensen et al., 1988, Bio/Technology 6: 1419-1422.
Suitable methods for transforming Fusarium species are
described by Malardier et al., 1989, Gene 78: 147-156, and
WO 96/00787. Yeast may be transformed using the proce-
dures described by Becker and Guarente, In Abelson, J. N.
and Simon, M. 1., editors, Guide to Yeast Genetics and
Molecular Biology, Methods in Enzymology, Volume 194,
pp 182-187, Academic Press, Inc., New York; Ito et al,,
1983, J. Bacteriol. 153: 163; and Hinnen et al., 1978, Proc.
Natl. Acad. Sci. USA 75: 1920.

Methods of Production

Methods for producing a polypeptide, e.g., a GH61 poly-
peptide having cellulolytic enhancing activity, a cellulolytic
enzyme, a hemicellulolytic enzyme, etc., comprise (a) cul-
tivating a cell, which in its wild-type form is capable of
producing the polypeptide, under conditions conducive for
production of the polypeptide; and (b) recovering the poly-
peptide. In a preferred aspect, the cell is of the genus
Aspergillus. In a more preferred aspect, the cell is Asper-
gillus fumigatus.

Alternatively, methods for producing a polypeptide, e.g.,
a GH61 polypeptide having cellulolytic enhancing activity,
a cellulolytic enzyme, a hemicellulolytic enzyme, etc., com-
prise (a) cultivating a recombinant host cell under conditions
conducive for production of the polypeptide; and (b) recov-
ering the polypeptide.
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In the production methods, the cells are cultivated in a
nutrient medium suitable for production of the polypeptide
using methods well known in the art. For example, the cell
may be cultivated by shake flask cultivation, and small-scale
or large-scale fermentation (including continuous, batch,
fed-batch, or solid state fermentations) in laboratory or
industrial fermentors performed in a suitable medium and
under conditions allowing the polypeptide to be expressed
and/or isolated. The cultivation takes place in a suitable
nutrient medium comprising carbon and nitrogen sources
and inorganic salts, using procedures known in the art.
Suitable media are available from commercial suppliers or
may be prepared according to published compositions (e.g.,
in catalogues of the American Type Culture Collection). If
the polypeptide is secreted into the nutrient medium, the
polypeptide can be recovered directly from the medium. If
the polypeptide is not secreted, it can be recovered from cell
lysates.

The polypeptide may be detected using methods known in
the art that are specific for the polypeptides. These detection
methods may include use of specific antibodies, formation
of an enzyme product, or disappearance of an enzyme
substrate. For example, an enzyme assay may be used to
determine the activity of the polypeptide. The polypeptides
having cellulolytic enhancing activity are detected using the
methods described herein.

The resulting broth may be used as is or the polypeptide
may be recovered using methods known in the art. For
example, the polypeptide may be recovered from the nutri-
ent medium by conventional procedures including, but not
limited to, centrifugation, filtration, extraction, spray-dry-
ing, evaporation, or precipitation.

The polypeptides may be purified by a variety of proce-
dures known in the art including, but not limited to, chro-
matography (e.g., ion exchange, affinity, hydrophobic, chro-
matofocusing, and size exclusion), electrophoretic
procedures (e.g., preparative isoelectric focusing), differen-
tial solubility (e.g., ammonium sulfate precipitation), SDS-
PAGE, or extraction (see, e.g., Protein Purification, J.-C.
Janson and Lars Ryden, editors, VCH Publishers, New York,
1989) to obtain substantially pure polypeptides.

In an alternative aspect, the polypeptide is not recovered,
but rather a host cell expressing a polypeptide is used as a
source of the polypeptide.

The following non-limiting examples further illustrate
compositions, methods, and treatments in accordance with
the present disclosure. It should be noted that the disclosure
is not limited to the specific details embodied in the
examples.

EXAMPLES
Example 1

Esterase(s) as Detoxification for Hydrolysis of
Pretreated Cellulosic Material

Pretreated Cellulosic Material

Corn stover was pretreated at the U.S. Department of
Energy National Renewable Energy Laboratory (NREL)
using dilute sulfuric acid. According to NREL, the water-
insoluble solids in the pretreated corn stover (PCS) con-
tained 57.5% cellulose, 7.0% hemicellulose and 27.2%
lignin, which were determined by the NREL Laboratory
Analytical Procedure (LAP) “Determination of Structural
Carbohydrates and Lignin in Biomass”. The total solids (TS)
of the PCS was 28.9% and the fraction of insoluble solids
(FIS), as the fraction (%, w/w) of insoluble solids in the total
solids, was 61.5%. The TS and FIS were determined based
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on the NREL LAP “Determination of Total Solids in Bio-
mass and Total Dissolved Solids in Liquid Process
Samples”.
Collection of Pretreatment Liquor

Liquor was collected from acid, steam exploded corn
stover. PCS was slurried in water to a final total solids (TS)
level of 15 wt. % with mixing at ambient temperature for 5
hour, and liquor was collected by vacuum filtration through
a glass fiber filter (Whatman GF/D). Prior to the experi-
ments, the pH was adjusted to 5.0.
Washed PCS

Washed PCS (wPCS) was obtained from a thoroughly
wash of PCS, until the filtrated presented neutral pH.
Detoxification of the PCS liquor with Esterases

A 20 mL volume of PCS liquor was treated with: (1)
ferulic acid esterase (FAE) from Humicola, (2) FAE from
Aspergillus niger (SEQ ID NO: 133), (3) FAE from Asper-
gillus oryzae (SEQ ID NO: 134), (4) FAE from Chaetomium
globusam (SEQ ID NO: 135) or (5) esterase from Aspergil-
lus oryzae (SEQ ID NO: 136) at 100 ppm (protein in the
enzyme solution vs. liquor), pH 5.0 for 16 hours in 50 mL
glass flasks.
Hydrolysis of wPCS in the Presence of Detoxified Pretreated
Liquor

Enzymatic hydrolysis of wPCS in 75 mmol/LL acetate
buffer and in the presence of the enzymatically detoxified
treated liquors and corresponding control (untreated liquor)
was performed in a 24 well (5 mL) polypropylene cell
growth plate (Whatman Uniplate). A 2.5 g quantity of 8%
wPCS slurry, with pH pre-adjusted to 5 and pre-mixed in
150 mmol/L acetate buffer, was mixed with 2.5 mL of the
enzymatically detoxified treated liquors and 62 pl of cel-
Iulolytic preparation comprising Trichoderma reesei cellu-
lases, Thermoascus aurantiacus GH61 polypeptide having
cellulolytic enhancing activity (WO 2005/074656 A2), and
Aspergillus oryzae beta-glucosidase fusion protein (WO
2008/057637), for a final concentration of 5 mg-protein/g-
cellulose. Hydrolysis reactions at 4% TS were incubated at
50° C. with shaking (150 rpm) for 120 hours. All experi-
ments reported were performed in triplicate.
Glucose Yield Determination

Following hydrolysis, samples were filtered using a 0.20
um syringe filters (Millipore, Bedford, Mass., USA) and
filtrates analyzed for sugar content as described below.
When not used immediately, filtered aliquots were frozen at
-20° C. The sugar concentrations of samples diluted in
0.005 M H,SO, were measured using a 4.6x250 mm
AMINEX® HPX-87H column (Bio-Rad Laboratories, Inc.,
Hercules, Calif., USA) by elution with 0.005 M H,SO, at
65° C. at a flow rate of 0.6 ml per minute, and quantitation
by integration of the glucose, cellobiose, and xylose signals
from refractive index detection (CHEMSTATION®, AGI-
LENT® 1100 HPLC, Agilent Technologies, Santa Clara,
Calif., USA) calibrated by pure sugar samples. The resultant
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glucose and cellobiose equivalents were used to calculate
the percentage of cellulose conversion for each reaction.

Glucose, cellobiose, and xylose were measured individu-
ally. Measured sugar concentrations were adjusted for the
appropriate dilution factor. In the cases, the net concentra-
tions of enzymatically-produced sugars were determined by
adjusting the measured sugar concentrations for correspond-
ing background sugar concentrations at zero time point. All
HPLC data processing was performed using MICROSOFT
EXCEL™ software (Microsoft, Richland, Wash., USA).

The degree of cellulose conversion to glucose was cal-
culated using the following equation: % glucose
yield=glucose concentration/glucose concentration in a limit
digest. The glucose concentration in a limit digest was
determined taking into account the pretreated material com-
position analysis, the insoluble solids and the liquid volume
in hydrolysis. It was used the following equation:

Glucose concentration in a limit digest=[Weight of
pretreated biomassx% Insoluble Solids in pre-
treated biomassx% cellulosex1.111x0.1]/
[Weight of the slurry in hydrolysis—total solids
in hydrolysis].

The 1.111 factor takes into account the increase in mass
when cellulose is converted to glucose. The 0.1 factor is to
transform % into g/L.. In the denominator, we have the
weight of the liquor in hydrolysis and assuming density as
one, it is the volume of the hydrolysis liquor that contains the
sugars. Duplicate data points were averaged and standard
deviation was calculated.

Results

The improvements in the enzymatic hydrolysis of wPCS
in the presence of the PCS liquors treated with esterases of
the present disclosure are presented in Table 1 (Hydrolysis
of wPCS in the presence of PCS liquors treated with
esterases, with 5 mg-protein/g-cellulose at 4% TS wPCS, pH
5.5 and 50° C. for 120 hours.).

TABLE 1

Glucose released after

5 days hydrolysis (g/L.)  Error
Control 12.83 0.16
FAE from Humicola 13.16 0.16
FAE from Aspergillus niger 13.18 0.19
FAE from Aspergillus Oryzae 13.80 0.15
FAE from Chaetomium globusam 13.85 0.25
Esterase from Aspergillus Oryzae 14.02 0.11

It will be understood that various modifications may be
made to the embodiments disclosed herein. Therefore, the
above description should not be construed as limiting, but
merely as exemplifications of embodiments. Those skilled in
art will envision other modifications within the scope and
spirit of the claims appended hereto.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 137
<210>
<211>
<212>

<213>

SEQ ID NO 1

LENGTH: 1377

TYPE: DNA

ORGANISM: Trichoderma reesei

<400> SEQUENCE: 1

atggegecect cagttacact gecgttgace acggecatce tggecattge cceggetegte
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-continued
geegeccage aaccgggtac cagcaccccece gaggtcecatce ccaagttgac aacctacaag 120
tgtacaaagt ccggggggtyg cgtggcccag gacacctegyg tggtecttga ctggaactac 180
cgetggatge acgacgcaaa ctacaactcg tgcaccgtca acggcggegt caacaccacg 240
ctetgecctyg acgaggcgac ctgtggcaag aactgcttea tegagggegt cgactacgece 300
gectegggeyg tcacgaccte gggcagcage ctcaccatga accagtacat geccagcage 360
tctggegget acagcagegt ctetectegg ctgtatctece tggactcetga cggtgagtac 420
gtgatgctga agctcaacgg ccaggagcetg agcttegacg tegacctcetce tgetetgecg 480
tgtggagaga acggctcgcet ctacctgtet cagatggacyg agaacggggyg cgccaaccag 540
tataacacgg ccggtgccaa ctacgggage ggctactgeg atgctcagtyg cccegtecag 600
acatggagga acggcaccct caacactage caccagggcet tcetgctgcaa cgagatggat 660
atcctggagg gcaactcgag ggcgaatgece ttgacccecte actcttgcac ggccacggece 720
tgcgactcetyg ccggttgegg cttcaaccee tatggcageg gctacaaaag ctactacgge 780
cceggagata ccegttgacac ctccaagacce ttcaccatca tcacccagtt caacacggac 840
aacggctege cctegggcaa ccttgtgage atcacccgea agtaccagca aaacggegte 900
gacatcceca gegeccagee cggeggcgac accatctegt cctgcecegte cgectcagece 960
tacggcggcece tcgccaccat gggcaaggcce ctgagcagceg gcatggtget cgtgttcagce 1020
atttggaacg acaacagcca gtacatgaac tggctcgaca gceggcaacge cggeccctge 1080
agcagcaccg agggcaaccce atccaacatc ctggccaaca accccaacac gcacgtegte 1140
ttcteccaaca teccgetgggg agacattggg tctactacga actcgactge geccccgecce 1200
ccgectgegt ccagcacgac gttttcegact acacggagga gctcgacgac ttcgagcagce 1260
ccgagetgea cgcagactca ctgggggcag tgeggtggea ttgggtacag cgggtgcaag 1320
acgtgcacgt cgggcactac gtgccagtat agcaacgact actactcgca atgcctt 1377

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 2
H: 459
PRT

<213> ORGANISM: Trichoderma rees

<400> SEQUENCE: 2

Met Ala Pro
1

Ala Arg Leu

His Pro Lys
35

Ala Gln Asp
50

Asp Ala Asn
65

Leu Cys Pro

Val Asp Tyr

Met Asn Gln
115

Pro Arg Leu
130

Ser Val Thr Leu Pro

5

Val Ala Ala Gln Gln

20

Leu Thr Thr Tyr Lys

40

Thr Ser Val Val Leu

55

Tyr Asn Ser Cys Thr

70

Asp Glu Ala Thr Cys

85

Ala Ala Ser Gly Val

100

Tyr Met Pro Ser Ser

120

Tyr Leu Leu Asp Ser

135

ei

Leu

Pro

25

Cys

Asp

Val

Gly

Thr
105

Ser

Asp

Thr

10

Gly

Thr

Trp

Asn

Lys

90

Thr

Gly

Gly

Thr

Thr

Lys

Asn

Gly

75

Asn

Ser

Gly

Glu

Ala Ile Leu

Ser Thr Pro
30

Ser Gly Gly
Tyr Arg Trp
60

Gly Val Asn

Cys Phe Ile

Gly Ser Ser
110

Tyr Ser Ser
125

Tyr Val Met
140

Ala Ile
15

Glu Val

Cys Val

Met His

Thr Thr
80

Glu Gly
95
Leu Thr

Val Ser

Leu Lys
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Leu Asn Gly
145

Cys Gly Glu

Gly Ala Asn

Cys Asp Ala

195

Thr Ser His
210

Asn Ser Arg
225

Cys Asp Ser

Ser Tyr Tyr

Ile Ile Thr

275

Val Ser Ile
290

Ala Gln Pro
305

Tyr Gly Gly

Leu Val Phe

Asp Ser Gly

355

Asn Ile Leu
370

Arg Trp Gly
385

Pro Pro Ala

Thr Ser Ser

Gly Ile Gly
435

Gln Tyr Ser
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gln Glu Leu Ser Phe
150

Asn Gly Ser Leu Tyr

165

Gln Tyr Asn Thr Ala

180

Gln Cys Pro Val Gln

200

Gln Gly Phe Cys Cys

215

Ala Asn Ala Leu Thr
230

Ala Gly Cys Gly Phe

245

Gly Pro Gly Asp Thr

260

Gln Phe Asn Thr Asp

280

Thr Arg Lys Tyr Gln

295

Gly Gly Asp Thr Ile
310

Leu Ala Thr Met Gly

325

Ser Ile Trp Asn Asp

340

Asn Ala Gly Pro Cys

360

Ala Asn Asn Pro Asn

375

Asp Ile Gly Ser Thr
390

Ser Ser Thr Thr Phe

405

Ser Pro Ser Cys Thr

420

Tyr Ser Gly Cys Lys

440

Asn Asp Tyr Tyr Ser

D NO 3
H: 1254
DNA

455

<213> ORGANISM: Trichoderma rees

<400> SEQUENCE: 3

atgaacaagt

gcacagcaga

getectgget

actactatca

tcaacaagct

cegtggetee

ctgtctgggg

cagcttgtte

ccacttegac

catcaactcc

attgctgett

ccagtgtgga

gaccctcaat

cecggecacca

acccacgage

Asp Val Asp
155

Leu Ser Gln
170

Gly Ala Asn
185

Thr Trp Arg

Asn Glu Met

Pro His Ser

235

Asn Pro Tyr
250

Val Asp Thr
265

Asn Gly Ser

Gln Asn Gly

Ser Ser Cys
315

Lys Ala Leu
330

Asn Ser Gln
345

Ser Ser Thr

Thr His Val

Thr Asn Ser
395

Ser Thr Thr
410

Gln Thr His
425

Thr Cys Thr

Gln Cys Leu

ei

gcagcegteca
ggtattggtt
ccttattatg
tccggtecaa

tctggggtec

Leu Ser Ala

Met Asp Glu

Tyr Gly Ser

190

Asn Gly Thr
205

Asp Ile Leu
220

Cys Thr Ala

Gly Ser Gly

Ser Lys Thr

270

Pro Ser Gly
285

Val Asp Ile
300

Pro Ser Ala

Ser Ser Gly

Tyr Met Asn
350

Glu Gly Asn
365

Val Phe Ser
380

Thr Ala Pro

Arg Arg Ser

Trp Gly Gln
430

Ser Gly Thr
445

tactatatgg
ggagcggace
cgcaatgtat
ccaccaccac

gatttgcegg

Leu Pro
160

Asn Gly
175

Gly Tyr

Leu Asn

Glu Gly

Thr Ala
240

Tyr Lys
255

Phe Thr

Asn Leu

Pro Ser

Ser Ala
320

Met Val
335

Trp Leu

Pro Ser

Asn Ile

Pro Pro
400

Ser Thr
415

Cys Gly

Thr Cys

cggegeegte
tacgaattgt
tcegggagece
cagggctace

cgttaacatc

60

120

180

240

300
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gegggttttyg actttggetyg taccacagat ggcacttgeg ttacctcgaa ggtttatcct 360
cegttgaaga acttcaccgg ctcaaacaac taccccgatyg gcatcggeca gatgcagcac 420
ttegtcaacyg aggacgggat gactatttte cgettacctyg teggatggea gtacctegte 480
aacaacaatt tgggcggcaa tcttgattce acgagcattt ccaagtatga tcagettgtt 540
caggggtgcee tgtctetggg cgcatactge atcgtcgaca tcecacaatta tgctcgatgg 600
aacggtggga tcattggtca gggcggecct actaatgcte aattcacgag cctttggteg 660
cagttggcat caaagtacgc atctcagtcg agggtgtggt teggcatcat gaatgagcce 720
cacgacgtga acatcaacac ctgggctgcec acggtccaag aggttgtaac cgcaatccge 780
aacgctggtyg ctacgtcgca attcatctet ttgectggaa atgattggea atctgetggg 840
getttcatat ccgatggcag tgcagecgece ctgtctcaag tcacgaaccce ggatgggtca 900
acaacgaatc tgatttttga cgtgcacaaa tacttggact cagacaactc cggtactcac 960
gccgaatgta ctacaaataa cattgacggce gecttttcte cgecttgeccac ttggctecga 1020
cagaacaatc gccaggctat cctgacagaa accggtggtg gcaacgttca gtcctgcata 1080
caagacatgt gccagcaaat ccaatatctc aaccagaact cagatgtcta tcecttggctat 1140
gttggttggg gtgccggatce atttgatagce acgtatgtec tgacggaaac accgactagce 1200
agtggtaact catggacgga cacatccttg gtcagctegt gtctcgcaag aaag 1254

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 4
H: 418
PRT

<213> ORGANISM: Trichoderma rees

<400> SEQUENCE: 4

Met Asn Lys
1

Gly Gly Ala
Gly Trp Ser
35

Leu Asn Pro
50

Thr Ser Thr
65

Ser Thr Ser

Gly Val Asn

Cys Val Thr
115

Asn Asn Tyr
130

Asp Gly Met
145

Asn Asn Asn

Asp Gln Leu

Asp Ile His
195

Ser Val Ala Pro Leu

5

Val Ala Gln Gln Thr

20

Gly Pro Thr Asn Cys

40

Tyr Tyr Ala Gln Cys

55

Arg Pro Pro Ser Gly

70

Ser Ser Thr Pro Pro

85

Ile Ala Gly Phe Asp

100

Ser Lys Val Tyr Pro

120

Pro Asp Gly Ile Gly

135

Thr Ile Phe Arg Leu
150

Leu Gly Gly Asn Leu

165

Val Gln Gly Cys Leu

180

Asn Tyr Ala Arg Trp

200

ei

Leu

Val

25

Ala

Ile

Pro

Thr

Phe

105

Pro

Gln

Pro

Asp

Ser

185

Asn

Leu

10

Trp

Pro

Pro

Thr

Ser

90

Gly

Leu

Met

Val

Ser

170

Leu

Gly

Ala

Gly

Gly

Gly

Thr

75

Ser

Cys

Lys

Gln

Gly
155
Thr

Gly

Gly

Ala Ser Ile
Gln Cys Gly
30

Ser Ala Cys
45

Ala Thr Thr
60

Thr Thr Arg

Gly Val Arg

Thr Thr Asp
110

Asn Phe Thr
125

His Phe Val
140

Trp Gln Tyr

Ser Ile Ser

Ala Tyr Cys
190

Ile Ile Gly
205

Leu Tyr
15

Gly Ile

Ser Thr

Ile Thr

Ala Thr
80

Phe Ala
95

Gly Thr

Gly Ser

Asn Glu
Leu Val
160

Lys Tyr
175

Ile Val

Gln Gly
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Gly Pro Thr
210

Lys Tyr Ala
225

His Asp Val

Thr Ala Ile

Gly Asn Asp

275

Ala Ala Leu
290

Ile Phe Asp
305

Ala Glu Cys

Thr Trp Leu

Gly Gly Asn

355

Tyr Leu Asn
370

Ala Gly Ser
385

Ser Gly Asn

Arg Lys

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asn Ala Gln Phe Thr

215

Ser Gln Ser Arg Val
230

Asn Ile Asn Thr Trp

245

Arg Asn Ala Gly Ala

260

Trp Gln Ser Ala Gly

280

Ser Gln Val Thr Asn

295

Val His Lys Tyr Leu
310

Thr Thr Asn Asn Ile

325

Arg Gln Asn Asn Arg

340

Val Gln Ser Cys Ile

360

Gln Asn Ser Asp Val

375

Phe Asp Ser Thr Tyr
390

Ser Trp Thr Asp Thr

405
D NO 5
H: 702

DNA

Ser Leu Trp
Trp Phe Gly
235

Ala Ala Thr
250

Thr Ser Gln
265

Ala Phe Ile

Pro Asp Gly

Asp Ser Asp

315

Asp Gly Ala
330

Gln Ala Ile
345

Gln Asp Met

Tyr Leu Gly

Val Leu Thr
395

Ser Leu Val
410

<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 5

atgaagttcc

gaccagtggg

tcagcegget

cacgcagact

attgccatte

tggagctaca

aacccgaatce

ggcgatattyg

acgctetact

actaccaact

tacaacgcetyg

agtggaactc

<210> SEQ I

<211> LENGT.
<212> TYPE:

ttcaagtcct

caaccttcac

ctggatttgg

ggcagtggtc

cccagaagag

gcgggagcaa

atgtcacgta

ggccgattgg

atggctacaa

acagcggaga

caggccaata

tgaacgtege

D NO 6

H: 234
PRT

cecctgeccte

tggcaacgge

ctgegtgacy

cggcggccag

gaccgtcaac

catccgeget

ctcegggagac

gtcetcacag

cggagecatg

tgtcaagaac

tgttcttage

atcctggace

ataccggeceg

tacacagtca

geggtatege

aacaacgtca

agcatcagca

aatgttgegt

tacgaactca

ggaacagtca

caagtctatt

ttcttcaatt

taccaatttg

gcatctatca

<213> ORGANISM: Trichoderma reeseil

Ser Gln Leu
220

Ile Met Asn

Val Gln Glu

Phe Ile Ser

270

Ser Asp Gly
285

Ser Thr Thr
300

Asn Ser Gly

Phe Ser Pro

Leu Thr Glu

350

Cys Gln Gln
365

Tyr Val Gly
380

Glu Thr Pro

Ser Ser Cys

ccctggecca
gcaacaacct
tecageggegg
agtcgtacca
gecatgcccac
atgacttgtt
tgatctgget
acgtcggtygyg
cectttgtgge
atctccgaga
gtaccgagcce

ac

Ala Ser
Glu Pro
240

Val Val
255

Leu Pro

Ser Ala

Asn Leu

Thr His

320

Leu Ala
335

Thr Gly

Ile Gln

Trp Gly

Thr Ser

400

Leu Ala
415

aaccagctgt
ttggggagca

ggcctectgg

gaactctcag
cactgccage
caccgcagec
tggcaaatac
ccagagctygyg
ccagaccaac
caataaagga

cttcacggge

60

120

180

240

300

360

420

480

540

600

660

702
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<400> SEQUENCE: 6

Met Lys Phe
1

Gln Thr Ser
Val Ser Asn
35

Val Thr Ala
50

Gln Trp Ser
65

Ile Ala Ile

Thr Thr Ala

Ala Tyr Asp

115

Gly Asp Tyr
130

Pro Ile Gly
145

Thr Leu Tyr

Ala Gln Thr

Asn Tyr Leu

195

Leu Ser Tyr
210

Asn Val Ala
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Gln Val Leu Pro

Cys Asp Gln Trp Ala

20

Asn Leu Trp Gly Ala

40

Val Ser Leu Ser Gly

Gly Gly Gln Asn Asn

70

Pro Gln Lys Arg Thr

85

Ser Trp Ser Tyr Ser

100

Leu Phe Thr Ala Ala

120

Glu Leu Met Ile Trp

135

Ser Ser Gln Gly Thr
150

Tyr Gly Tyr Asn Gly

165

Asn Thr Thr Asn Tyr

180

Arg Asp Asn Lys Gly

200

Gln Phe Gly Thr Glu

215

Ser Trp Thr Ala Ser
230

D NO 7
H: 726
DNA

<213> ORGANISM: Trichoderma rees

<400> SEQUENCE: 7

atgaaggcaa

accaccacgc

gecattccegt

ctcttegaca

acctegacgg

atcatcgtca

gtcggcggca

atctttggag

tctgactggy

ggcaacgaca

cegtetggeg

cctacgacgt

ctetggttet

gctactacga

ggcagctcgg

cggccggagce

gecaggegece

tggtgaccaa

ccaaccaata

acaatgtegt

ggacgtgect

cgggctcaac

geggecagea

geccaggecce

cggetecete

tgggcaggag

catcggcaac

ttcatggtge

ctgctecage

cctgtgeceyg

cggctacage

cgtegacttt

ctgcgtggga

tecctecegygy

gacgctctat

agggacctge

Ala Leu Ile
10

Thr Phe Thr
25

Ser Ala Gly

Gly Ala Ser

Val Lys Ser
75

Val Asn Ser
90

Gly Ser Asn
105

Asn Pro Asn

Leu Gly Lys

Val Asn Val
155

Ala Met Gln
170

Ser Gly Asp
185

Tyr Asn Ala

Pro Phe Thr

Ile Asn

ei

attgtaggeg
ggtgettgeg
ggagtctaca
ggcgeegget
tgcggcacgg
aacaatggga
taccattteg
gagcccattyg
cagcaagaga
agctegeege
ggccagtgtg

aaggttcaga

Pro Ala Ala
Gly Asn Gly
30

Ser Gly Phe
45

Trp His Ala

Tyr Gln Asn

Ile Ser Ser

Ile Arg Ala

110

His Val Thr
125

Tyr Gly Asp
140

Gly Gly Gln

Val Tyr Ser

Val Lys Asn
190

Ala Gly Gln
205

Gly Ser Gly
220

cegttteege
gatgcggete
cggctgeegg
geggtaaatg
geggtgetge
acgcgcagtyg
acatcatgge
cttgcccegy
cggatcccac
cagcgacatce
gaggtgcegg

accagtggta

Leu Ala
15

Tyr Thr

Gly Cys

Asp Trp

Ser Gln

80

Met Pro
95

Asn Val

Tyr Ser

Ile Gly

Ser Trp
160

Phe Val
175

Phe Phe

Tyr Val

Thr Leu

gtacaaggcce
gagcteegge
ctceccagget
ctaccagete
tggccagage
gtgceceggtyg
gcagaacgag
gecaggcetgece
gecegtecte
gtcgagtecg
ctggacggga

ctceccagtgt

60

120

180

240

300

360

420

480

540

600

660

720
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cttect

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 8
H: 242
PRT

ISM: Trichoderma rees

<400> SEQUENCE: 8

Met Lys Ala
1

Ala Tyr Lys
Cys Gly Cys
35

Gly Asn Gly
50

Ala Gly Ala
65

Thr Ser Thr

Ala Gly Gln

Gly Asn Ala

115

Tyr Ser Tyr
130

Asn Val Val
145

Ser Asp Trp

Thr Pro Val

Pro Pro Ala

195

Leu Tyr Gly
210

Gln Ala Pro
225

Leu Pro
<210> SEQ I

<211> LENGT.
<212> TYPE:

Thr Leu Val Leu Gly

Ala Thr Thr Thr Arg

Gly Ser Ser Ser Gly

40

Val Tyr Thr Ala Ala

55

Ser Trp Cys Gly Ala

70

Gly Gln Ala Pro Cys

85

Ser Ile Ile Val Met

100

Gln Trp Cys Pro Val

120

His Phe Asp Ile Met

135

Val Asp Phe Glu Pro
150

Gly Thr Cys Leu Cys

165

Leu Gly Asn Asp Thr

180

Thr Ser Ser Ser Pro

200

Gln Cys Gly Gly Ala

215

Gly Thr Cys Lys Val
230

D NO 9
H: 923
DNA

ei

Ser

Tyr

25

Ala

Gly

Gly

Ser

Val

105

Val

Ala

Ile

Val

Gly

185

Pro

Gly

Gln

<213> ORGANISM: Humicola insolens

<400> SEQUENCE: 9

atgegttect

geegetgatyg

aagaaggctce

gacttcgacyg

accccatggyg

agcaatgagg

getggcaaga

cceeectect

gcaggtccac

ccgtgaacca

ccaagtcegyg

ctgtgaacga

cgggetggtyg

agatggtegt

cegeteegea

cegetactgyg

gectgtettt

ctgecgagecyg

cgacttegeg

ctgegectge

ccagtecace

Leu

10

Tyr

Phe

Ser

Cys

Ser

90

Thr

Gly

Gln

Ala

Gly

170

Ser

Ser

Trp

Asn

Ile

Asp

Pro

Gln

Gly

75

Cys

Asn

Gly

Asn

Cys

155

Gln

Thr

Gly

Thr

Gln
235

gttgtggeeg

gactgctgca

tcctgcaacy

ggcggtgteg

cteggttttyg

tacgagctca

agcactggeg

Val Gly Ala

Gly Gln Glu
30

Trp Gln Leu
45

Ala Leu Phe
60

Lys Cys Tyr

Gly Thr Gly

Leu Cys Pro
110

Thr Asn Gln
125

Glu Ile Phe
140

Pro Gly Gln

Gln Glu Thr

Pro Pro Gly
190

Gly Gly Gln
205

Gly Pro Thr
220

Trp Tyr Ser

cecctgecggt
agccttegty
ccaactteca
cctactegty
ctgecaccte
cctteacate

gtgatcttgg

Val Ser
15

Gly Ala

Gly Ile

Asp Thr

Gln Leu
80

Gly Ala
95

Asn Asn

Tyr Gly

Gly Asp

Ala Ala
160

Asp Pro
175

Ser Ser

Gln Thr

Thr Cys

Gln Cys
240

gttggccett
cggcetgggcee
gegtatcacg
cgcecgaccag
tattgccgge
cggtectgtt

cagcaaccac

726

60

120

180

240

300

360

420
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ttecgatcteca acatcccegg cggcggegte ggcatctteg acggatgcac tccccagtte 480
ggeggtetge ceggecageg ctacggegge atctegtece geaacgagtg cgatcggtte 540
ccegacgece tcaageccgg ctgctactgg cgettcegact ggttcaagaa cgccgacaat 600
ccgagettea gettecgtca ggtccagtge cecagecgage tegtegeteg caccggatge 660
cgecgeaacyg acgacggcaa cttccctgece gtecagatee cctecagcag caccagetcet 720
cecggtcaace agcectaccag caccagcacce acgtccacct ccaccaccte gageccgcca 780
gtecagecta cgactcccag cggctgcact getgagaggt gggctcagtg cggeggcaat 840
ggctggageyg gctgcaccac ctgegteget ggcagcactt gecacgaagat taatgactgg 900
taccatcagt gcctgtagaa ttce 923

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 10
H: 305
PRT

<213> ORGANISM: Humicola insolens

<400> SEQUENCE: 10

Met Arg Ser
1

Val Leu Ala
Cys Lys Pro
35

Val Phe Ser
50

Lys Ser Gly
65

Thr Pro Trp

Ser Ile Ala

Leu Thr Phe

115

Ser Thr Ser
130

Ile Pro Gly
145

Gly Gly Leu

Cys Asp Arg

Asp Trp Phe
195

Gln Cys Pro
210

Asp Gly Asn
225

Pro Val Asn

Ser Ser Pro

Arg Trp Ala
275

Ser Pro Leu Leu Arg

Leu Ala Ala Asp Gly

20

Ser Cys Gly Trp Ala

40

Cys Asn Ala Asn Phe

55

Cys Glu Pro Gly Gly

70

Ala Val Asn Asp Asp

85

Gly Ser Asn Glu Ala

100

Thr Ser Gly Pro Val

120

Thr Gly Gly Asp Leu

135

Gly Gly Val Gly Ile
150

Pro Gly Gln Arg Tyr

165

Phe Pro Asp Ala Leu

180

Lys Asn Ala Asp Asn

200

Ala Glu Leu Val Ala

215

Phe Pro Ala Val Gln
230

Gln Pro Thr Ser Thr

245

Pro Val Gln Pro Thr

260

Gln Cys Gly Gly Asn

280

Ser

Arg

25

Lys

Gln

Val

Phe

Gly

105

Ala

Gly

Phe

Gly

Lys

185

Pro

Arg

Ile

Ser

Thr
265

Gly

Ala

10

Ser

Lys

Arg

Ala

Ala

90

Trp

Gly

Ser

Asp

Gly

170

Pro

Ser

Thr

Pro

Thr
250

Pro

Trp

Val

Thr

Ala

Ile

Tyr

75

Leu

Cys

Lys

Asn

Gly

155

Ile

Gly

Phe

Gly

Ser
235
Thr

Ser

Ser

Val Ala Ala
Arg Tyr Trp
30

Pro Val Asn
45

Thr Asp Phe
60

Ser Cys Ala

Gly Phe Ala

Cys Ala Cys

110

Lys Met Val
125

His Phe Asp
140

Cys Thr Pro

Ser Ser Arg

Cys Tyr Trp
190

Ser Phe Arg
205

Cys Arg Arg
220

Ser Ser Thr

Ser Thr Ser

Gly Cys Thr
270

Gly Cys Thr
285

Leu Pro
15

Agsp Cys

Gln Pro

Asp Ala

Asp Gln
80

Ala Thr
95

Tyr Glu

Val Gln

Leu Asn

Gln Phe
160

Asn Glu
175

Arg Phe

Gln Val

Asn Asp

Ser Ser
240

Thr Thr
255

Ala Glu

Thr Cys
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Val Ala Gly Ser Thr Cys Thr Lys Ile Asn Asp Trp Tyr His Gln Cys

290

305

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 11
H: 1188
DNA

295

<213> ORGANISM: Myceliopthora thermophila

<400> SEQUE:
cgacttgaaa
gtggctcaaa
tgtgtgtegyg
geggegtega
ccteegtegt
tegggegecg
cegtegactt
ttctegatgyg
cgcaacctga
ccgcacaact
ttctggacca
aacgagtaca
ggcatceggyg
ggggcctgga
aagatcgtgt
tgcgtcagea
aacggcaagc
geegtcaccy
tggtgggccg
accggetatg
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

NCE: 11

cgccccaaat

gtggtccgtg

gctaccactyg

caacgctgea

ccaccacctce

agttcgggga

cggcgattca

agcgtetggt

ccgaggtgge

acggccggta

acctggecaa

acacgatgga

cegeeggage

getggaacac

acgagatgca

gcaccatcgg

teggegtect

gectectega

ceggteccety

tcaactacaa

D NO 12

H: 389
PRT

gaagtcctee

gcagcaatgt

cgtctaccag

gacatcgace

gectagcaag

gggcaattac

gacgctcate

gcccaaccag

caacttegtyg

ctacggcaac

gecagttcgee

ccagacccetyg

gacctegcag

gaccaacacc

ccagtaccte

cgceccagege

cggegagtte

ccacctecag

gtggggcgac

ctcgatcettyg

atcctegeca

ggtggcatcg

aacgattggt

acgtccagge

ggcaagctga

cceggectet

aatgatggat

ttgacgtegt

acgaacgcgyg

atcatcacgg

tccaactege

gtgctcaace

tacatctteg

aacatggceg

gactcggaca

gtcgtcggag

geeggegygcey

gacaacagcg

tacatgtact

aagaagtact

ISM: Myceliopthora thermophila

<400> SEQUENCE: 12

Met Lys Ser
1

Gln Ser Gly
Thr Asp Cys
35

Ser Gln Cys
50

Thr Ser Arg
65

Ser Pro Ser

Ser Ile Leu Ala Ser

Pro Trp Gln Gln Cys

20

Val Ser Gly Tyr His

40

Val Pro Gly Ala Ala

55

Pro Thr Ala Thr Ser

70

Lys Gly Lys Leu Lys

Val Phe Ala
10

Gly Gly Ile
25

Cys Val Tyr

Ser Thr Thr

Thr Ala Pro

75

Trp Leu Gly

300

gegtettege
gatggcaagg
acagccagtyg
ccaccgecac
agtggctegg
ggggcaagca
acaacatctt
ccttegacca
gcaagtacgce
acacgaacgce
tegteatett
tcaaccagge
tcgagggcaa
ccctgacgga
getegggeac
ccacccagty
ccaacgcegt
acgtctgget
cgttegagee

tgccgtaa

Thr Gly Ala
Gly Trp Gln
30

Gln Asn Asp
45

Leu Gln Thr
60

Pro Ser Ser

Ser Asn Glu

cacgggcgece
atcgaccgac
cgtgectgge
cagcaccgec
cagcaacgag
cttcatcttce
ccggatcgac
gggttaccte
cgtectggac
gttecggace
cgacaccaac
cgccatcgac
cgegtggage
cccgcagaac
ccacgecgag
getecgegece
ctgccageag
gggtgcccte

tcectteggge

Val Ala
15

Gly Ser

Trp Tyr

Ser Thr

Thr Thr

80

Ser Gly

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1188
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78

Ala Glu Phe
Ile Phe Pro
115

Asn Ile Phe
130

Leu Thr Ser
145

Val Asn Phe

Asn Tyr Gly

Arg Thr Phe

195

Val Ile Phe
210

Val Leu Asn

Ala Thr Ser

Trp Ser Trp

Gln Asn Lys

275

Ser Gly Thr
290

Val Val Gly
305

Leu Gly Glu

Thr Gly Leu

Ala Leu Trp

355

Phe Glu Pro
370

Lys Lys Tyr
385

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: BASIDIOMYCETE CBS 495.95

85

Gly Glu Gly Asn Tyr

100

Ser Thr Ser Ala Ile

120

Arg Ile Asp Phe Ser

135

Ser Phe Asp Gln Gly
150

Val Thr Asn Ala Gly

165

Arg Tyr Tyr Gly Asn

180

Trp Thr Asn Leu Ala

200

Asp Thr Asn Asn Glu

215

Leu Asn Gln Ala Ala
230

Gln Tyr Ile Phe Val

245

Asn Thr Thr Asn Thr

260

Ile Val Tyr Glu Met

280

His Ala Glu Cys Val

295

Ala Thr Gln Trp Leu
310

Phe Ala Gly Gly Ala

325

Leu Asp His Leu Gln

340

Trp Ala Ala Gly Pro

360

Pro Ser Gly Thr Gly

Leu Pro

D NO 13
H: 1232
DNA

<400> SEQUENCE: 13

ggatccactt

ttgtagcgac

geggeattgg

acgactatta

gcaacgcace

geegcacgece

agtaacggcc

cgtegegete

cttcagegga

ctctcaatge

gtceggcact

gttccagtte

375

gecagtgtge

agctcgecag

agcaccgtet

caacceggeg

tcgacggect

ttcggtgtca

Pro

105

Gln

Met

Tyr

Lys

Ile

185

Lys

Tyr

Ile

Glu

Asn

265

His

Ser

Arg

Asn

Asp

345

Trp

Tyr

90

Gly

Thr

Glu

Leu

Tyr

170

Ile

Gln

Asn

Asp

Gly

250

Met

Gln

Ser

Ala

Ala

330

Asn

Trp

Val

Leu

Leu

Arg

Arg

155

Ala

Thr

Phe

Thr

Gly

235

Asn

Ala

Tyr

Thr

Asn

315

Val

Ser

Gly

Asn

tggaaagcat

tattctetgt

gtgatgcagg

ctcecactge

cggeceecte

acgaatcegg

Trp Gly Lys
110

Ile Asn Asp
125

Leu Val Pro
140

Asn Leu Thr

Val Leu Asp

Asp Thr Asn
190

Ala Ser Asn
205

Met Asp Gln
220

Ile Arg Ala

Ala Trp Ser

Ala Leu Thr
270

Leu Asp Ser
285

Ile Gly Ala
300

Gly Lys Leu

Cys Gln Gln

Asp Val Trp
350

Asp Tyr Met
365

Tyr Asn Ser
380

gaagtctete
cgcagtetygyg
cgeceggetgt
tacatccgeg
ctccagectt

cgceggagtte

95

His Phe

Gly Tyr

Asn Gln

Glu Val
160

Pro His
175

Ala Phe

Ser Leu

Thr Leu

Ala Gly
240

Gly Ala
255

Asp Pro

Asp Ser

Gln Arg

Gly Val
320

Ala Val
335

Leu Gly

Tyr Ser

Ile Leu

ttcctgteac
gggcaatgeg
gtgaagctca
gegecaagta
tgctctggea

ggcaacctga

60

120

180

240

300

360
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acatcccegg tgttetggge accgactaca cectggcecgte gecatccage attgacttet 420
tcatgggcaa gggaatgaat accttcegta ttecgttect catggagegt cttgtceccce 480
ctgccactgg catcacagga cctctcegacce agacgtactt gggeggectyg cagacgattg 540
tcaactacat caccggcaaa ggcggctttg ctetcattga ccecgcacaac tttatgatct 600
acaatggcca gacgatctcce agtaccageg acttccagaa gttctggcag aacctcgcag 660
gagtgtttaa atcgaacagt cacgtcatct tcgatgttat gaacgagcect cacgatattce 720
cecgeccagac cgtgttcecaa ctgaaccaag cegetgtcaa tggcatcegt gegageggtyg 780
cgacgtcgea gctcattetyg gtcgagggea caagetggac tggagectgyg acctggacga 840
cctetggcaa cagcegatgca ttceggtgeca ttaaggatcee caacaacaac gtcgegatce 900
agatgcatca gtacctggat agcgatgget ctggcactte gcagacctge gtgtctecca 960
ccatcggtge cgagcggttg caggctgcga ctcaatggtt gaagcagaac aacctcaagg 1020
gcttectggyg cgagatcgge gccggctcecta actccgcettyg catcageget gtgcagggtyg 1080
cgttgtgttc gatgcagcaa tcectggtgtgt ggctcecggege tectcectggtgg getgegggcece 1140
cgtggtgggg cgactactac cagtccatcg agccgcecte tggccecggeg gtgtcecgega 1200
tcetecegeca ggcecectgetg cegttegegt aa 1232

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 14
H: 397
PRT

<213> ORGANISM: BASIDIOMYCETE CBS 495.95

<400> SEQUENCE: 14

Met Lys Ser
1

Pro Val Phe
Ser Gly Ser
35

Asp Tyr Tyr
50

Ala Pro Ser
65

Ser Ser Ser

Val Asn Glu

Leu Gly Thr
115

Met Gly Lys
130

Leu Val Pro
145

Leu Gly Gly

Phe Ala Leu

Ile Ser Ser
195

Val Phe Lys
210

Leu Phe Leu Ser Leu

Ser Val Ala Val Trp

20

Thr Val Cys Asp Ala

40

Ser Gln Cys Gln Pro

55

Ser Asn Ala Pro Ser

70

Leu Cys Ser Gly Ser

85

Ser Gly Ala Glu Phe

100

Asp Tyr Thr Trp Pro

120

Gly Met Asn Thr Phe

135

Pro Ala Thr Gly Ile
150

Leu Gln Thr Ile Val

165

Ile Asp Pro His Asn

180

Thr Ser Asp Phe Gln

200

Ser Asn Ser His Val

215

Val Ala Thr
10

Gly Gln Cys
25

Gly Ala Gly

Gly Ala Pro

Gly Thr Ser
75

Arg Thr Pro
90

Gly Asn Leu
105

Ser Pro Ser

Arg Ile Pro

Thr Gly Pro
155

Asn Tyr Ile
170

Phe Met Ile
185

Lys Phe Trp

Ile Phe Asp

Val Ala Leu
Gly Gly Ile
30

Cys Val Lys
45

Thr Ala Thr
60

Thr Ala Ser

Phe Gln Phe

Asn Ile Pro
110

Ser Ile Asp
125

Phe Leu Met
140

Leu Asp Gln

Thr Gly Lys

Tyr Asn Gly

190

Gln Asn Leu
205

Val Met Asn
220

Ser Ser
15

Gly Phe

Leu Asn

Ser Ala

Ala Pro

80

Phe Gly
95

Gly Val

Phe Phe

Glu Arg

Thr Tyr
160

Gly Gly
175
Gln Thr

Ala Gly

Glu Pro
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82

His Asp Ile
225

Asn Gly Ile

Gly Thr Ser

Asp Ala Phe

275

Met His Gln
290

Val Ser Pro
305

Leu Lys Gln

Ser Asn Ser

Gln Gln Ser

355

Trp Trp Gly
370

Val Ser Ala
385

<210> SEQ I
<211> LENGT.
<212> TYPE:

Pro Ala Gln Thr Val
230

Arg Ala Ser Gly Ala

245

Trp Thr Gly Ala Trp

260

Gly Ala Ile Lys Asp

280

Tyr Leu Asp Ser Asp

295

Thr Ile Gly Ala Glu
310

Asn Asn Leu Lys Gly

325

Ala Cys Ile Ser Ala

340

Gly Val Trp Leu Gly

360

Asp Tyr Tyr Gln Ser

375

Ile Leu Pro Gln Ala
390

D NO 15
H: 1303
DNA

Phe Gln Leu
235

Thr Ser Gln
250

Thr Trp Thr
265

Pro Asn Asn

Gly Ser Gly

Arg Leu Gln
315

Phe Leu Gly
330

Val Gln Gly
345

Ala Leu Trp

Ile Glu Pro

Leu Leu Pro
395

<213> ORGANISM: BASIDIOMYCETE CBS 495.95

<400> SEQUENCE: 15

ggaaagcgte

ttctgeggee

cactgtttge

gacgccegece

tcactcaacyg

aactaccact

ctetggetee

gaacactgcet

ggactacttce

gagccctecy

caccattgte

catgcgttac

tttggecact

cggaatcgat

cgectggeget

gtgggtctcg

ggcaattgaa

ctectecace

actcaaggga

agtatggtga

aatgcggett

gacgceggte

gcgggccaga

gtcactacgg

cegtegacca

aggacgaagt

tggccagggc

atgggggctg

gctaccggac

gactacatca

aacaacggca

gtattcaaat

gegecagaccyg

acgtcacagt

tccggaaacy

atgcaccaat

attgggtege

ttccteggag

aatttgeget

ctatctacca

tcgettgegt

caacgacggyg

ggagctcaca

ccacgaccect

tcaagttett

agctcgggaa

gattcaatac

tcactggece

cgaacaaagg

taatcagcag

ccacgaagaa

tatacgaact

tgattctggt

gagetgettt

acctcgacag

aacgtcteca

agacgggtgc

tgtggcaact

gcaatgtgga

tatcctcaat

ctcegggegea

ctcaacaacc

accecgecate

cggtgtgaat

agactataca

attccgtate

attcaaccag

aggatacgct

cacatctgac

cgccatette

gaatcaagct

tgaaggaacg

cgeggeagtt

cgacggttet

agctgecact

tgggtcgaat

Asn Gln Ala

Leu Ile Leu

Thr Ser Gly

270

Asn Val Ala
285

Thr Ser Gln
300

Ala Ala Thr

Glu Ile Gly

Ala Leu Cys

350

Trp Ala Ala
365

Pro Ser Gly
380

Phe Ala

gtcggegeaa
ggcattggat
gegtactact
ccggegtcaa
gggacgacgg
tetgtgtety
gaaagceggeg
tggeccttege
accttettga
acgtacctgt
cttattgacc
ttcgcgactt
gacatccaga
gccatcaatt
tcatacactyg

acggatccett

gggacaaacg
gegtggetge

tcccagtgea

Ala Val
240

Val Glu
255

Asn Ser

Ile Gln

Thr Cys

Gln Trp
320

Ala Gly
335

Ser Met

Gly Pro

Pro Ala

tcttgagege
ggtetgggte
ttcagtgett
catcaacctce
cgacgaaaac
gtcegegtetyg
ccgaattegyg
ctagcagegt
tggagcgtat
cgggecteac
cccacaactt
ggtggagcaa
acgagccgta
cgatcegege
gagcttggac
acaacaacac
aagactgtgt
aacaaacagg

tcgacgeegt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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84

gttcgatgaa ctttgctata tgcaacagca aggcggctece tggatceggtyg cactetggtg

ggctgegggt cectggtggg gcacgtacat ttactcgatt gaacctecga geggtgecge

tatcccagaa gtecttecte agggtctege tccattecte tag

<210> SEQ ID NO 16

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Ser

Trp

Asn

Thr

65

Thr

Thr

Gly

Asn

Gly

145

Gly

Ser

Ser

Ala

Ser

225

Phe

Gly

Ser

Thr

Ala
305

Ser

Val

Ala

Ser

Ala

Gly

Thr

Thr

Arg

Glu

130

Lys

Ala

Pro

Gly

Leu

210

Ser

Lys

Ile

Ile

Ser
290
Phe

Gln

Ser

Lys

Ala

Gly

35

Tyr

Ser

Gly

Thr

Val

115

Ser

Asp

Gly

Pro

Leu

195

Ile

Thr

Ser

Asp

Arg

275

Tyr

Ala

Tyr

Thr

Phe

Asn

20

Ser

Tyr

Gly

Ser

Pro

100

Cys

Gly

Tyr

Phe

Ala

180

Thr

Asp

Ser

Thr

Ala

260

Ala

Thr

Ala

Leu

Ile

429

BASIDIOMYCETE CBS 495.95

16

Ala

Ala

Thr

Phe

Ala

Ser

85

Ser

Ser

Ala

Thr

Asn

165

Thr

Thr

Pro

Asp

Lys

245

Gln

Ala

Gly

Val

Asp
325

Gly

Leu

Ala

Val

Gln

Pro

70

His

Thr

Gly

Glu

Trp

150

Thr

Gly

Ile

His

Phe

230

Asn

Thr

Gly

Ala

Thr
310

Ser

Ser

Val

Ser

Cys

Cys

55

Ala

Ser

Thr

Ser

Phe

135

Pro

Phe

Leu

Val

Asn

215

Ala

Ala

Val

Ala

Trp

295

Asp

Asp

Gln

Ala

Ile

Asp

40

Leu

Ser

Thr

Thr

Arg

120

Gly

Ser

Arg

Thr

Asp

200

Phe

Thr

Ile

Tyr

Thr

280

Thr

Pro

Gly

Arg

Thr

Tyr

25

Ala

Thr

Thr

Thr

Thr

105

Thr

Asn

Pro

Ile

Gly

185

Tyr

Met

Trp

Phe

Glu

265

Ser

Trp

Tyr

Ser

Leu

Val

10

Gln

Gly

Pro

Ser

Gly

90

Leu

Lys

Thr

Ser

Thr

170

Pro

Ile

Arg

Trp

Asp

250

Leu

Gln

Val

Asn

Gly
330

Gln

Gly Ala

Gln Cys

Leu Ala

Ala Ala
60

Thr Ser
75

Thr Thr

Pro Ala

Phe Lys

Ala Trp
140

Ser Val
155

Phe Leu

Phe Asn

Thr Asn

Tyr Asn
220

Ser Asn
235

Ile Gln

Asn Gln

Leu Ile

Ser Ser

300

Asn Thr
315

Thr Asn

Ala Ala

Ile

Gly

Cys

45

Gly

His

Ala

Ile

Phe

125

Pro

Asp

Met

Gln

Lys

205

Asn

Leu

Asn

Ala

Leu

285

Gly

Ala

Glu

Thr

Leu

Gly

30

Val

Gln

Ser

Thr

Ser

110

Phe

Gly

Tyr

Glu

Thr

190

Gly

Gly

Ala

Glu

Ala

270

Val

Asn

Ile

Asp

Ala

Ser

15

Ile

Ile

Thr

Thr

Lys

95

Val

Gly

Gln

Phe

Arg

175

Tyr

Gly

Ile

Thr

Pro

255

Ile

Glu

Gly

Glu

Cys
335

Trp

Ala

Gly

Leu

Thr

Val

80

Thr

Ser

Val

Leu

Met

160

Met

Leu

Tyr

Ile

Val

240

Tyr

Asn

Gly

Ala

Met
320

Val

Leu

1200

1260

1303
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-continued
340 345 350
Gln Gln Thr Gly Leu Lys Gly Phe Leu Gly Glu Thr Gly Ala Gly Ser
355 360 365
Asn Ser Gln Cys Ile Asp Ala Val Phe Asp Glu Leu Cys Tyr Met Gln
370 375 380
Gln Gln Gly Gly Ser Trp Ile Gly Ala Leu Trp Trp Ala Ala Gly Pro
385 390 395 400
Trp Trp Gly Thr Tyr Ile Tyr Ser Ile Glu Pro Pro Ser Gly Ala Ala
405 410 415
Ile Pro Glu Val Leu Pro Gln Gly Leu Ala Pro Phe Leu
420 425
<210> SEQ ID NO 17
<211> LENGTH: 1580
<212> TYPE: DNA
<213> ORGANISM: Thielavia terrestris
<400> SEQUENCE: 17
agcceccegt tcaggcacac ttggcatcag atcagcttag cagegectge acagcatgaa 60
getetegeayg teggecgege tggeggcact caccgegacyg gegetegecg cecectegee 120
cacgacgceg caggcegecga ggcaggette agecggetge tegtetgegyg tcacgetcga 180
cgccagcace aacgtttgga agaagtacac getgcaccece aacagctact accgcaagga 240
ggttgaggcee geggtggege agatctcgga cccggaccte gecgccaagg ccaagaaggt 300
ggccgacgte ggcaccttee tgtggetcega ctegatcgag aacatcggca agetggagec 360
ggcgatccag gacgtgccect gcgagaacat cctgggectg gtcatctacg acctgccggyg 420
cegegactge geggecaagg cgtccaacgg cgagctcaag gteggcgaga tcgaccgcta 480
caagaccgag tacatcgaca gtgagtgetg ceccccegggt tegagaagag cgtgggggaa 540
agggaaaggg ttgactgact gacacggege actgcagaga tcegtgtcegat cctcaaggca 600
cacceccaaca cggegttege getggtecate gagecggact cgetgcccaa cctggtgace 660
aacagcaact tggacacgtg ctcgagcage gegteggget accgcgaagyg cgtggettac 720
geectcaaga acctcaacct gcccaacgtg atcatgtace tegacgecgg ccacggcegge 780
tggctegget gggacgccaa cctgcagece ggegegcagyg agctagccaa ggcgtacaag 840
aacgccgget cgcccaagca getccgegge ttetcgacca acgtggecegyg ctggaactcece 900
tggtgagctt ttttccattce catttcecttcet tcectettete tettegcectece cactctgecag 960
ccecceectee ceccaagcacce cactggegtt ccggecttget gactecggect cectttecce 1020
gggcaccagyg gatcaatcge ccggegaatt ctcccaggeg tecgacgceca agtacaacaa 1080
gtgccagaac gagaagatct acgtcagcac cttcggctec gegcectcecagt cggccggcat 1140
geecaaccac gccategteg acacgggecg caacggegte accggectge gcaaggagtyg 1200
gggtgactgg tgcaacgtca acggtgcagg ttcgttgtet tetttttecte ctettttgtt 1260
tgcacgtcegt ggtcectttte aagcageccgt gtttggttgg gggagatgga ctccggctga 1320
tgttctgett cctcectctagg ctteggegtg cgcccgacga gcaacacggg cctcgagetg 1380
geecgacgegt tegtgtgggt caageccgge ggcgagtegg acggcaccag cgacagceteg 1440
tegeegeget acgacagett ctgcggcaag gacgacgect tcaagcccte gceccgaggece 1500
ggcacctgga acgaggccta cttcgagatg ctgctcaaga acgccgtgcece gtcgttcectaa 1560
gacggtccag catcatccgg 1580
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<210> SEQ ID NO 18

<211> LENGTH: 396

<212> TYPE: PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 18

Met Lys Leu Ser Gln Ser Ala Ala Leu Ala Ala Leu Thr Ala Thr Ala
1 5 10 15

Leu Ala Ala Pro Ser Pro Thr Thr Pro Gln Ala Pro Arg Gln Ala Ser
20 25 30

Ala Gly Cys Ser Ser Ala Val Thr Leu Asp Ala Ser Thr Asn Val Trp
35 40 45

Lys Lys Tyr Thr Leu His Pro Asn Ser Tyr Tyr Arg Lys Glu Val Glu
50 55 60

Ala Ala Val Ala Gln Ile Ser Asp Pro Asp Leu Ala Ala Lys Ala Lys
65 70 75 80

Lys Val Ala Asp Val Gly Thr Phe Leu Trp Leu Asp Ser Ile Glu Asn
85 90 95

Ile Gly Lys Leu Glu Pro Ala Ile Gln Asp Val Pro Cys Glu Asn Ile
100 105 110

Leu Gly Leu Val Ile Tyr Asp Leu Pro Gly Arg Asp Cys Ala Ala Lys
115 120 125

Ala Ser Asn Gly Glu Leu Lys Val Gly Glu Ile Asp Arg Tyr Lys Thr
130 135 140

Glu Tyr Ile Asp Lys Ile Val Ser Ile Leu Lys Ala His Pro Asn Thr
145 150 155 160

Ala Phe Ala Leu Val Ile Glu Pro Asp Ser Leu Pro Asn Leu Val Thr
165 170 175

Asn Ser Asn Leu Asp Thr Cys Ser Ser Ser Ala Ser Gly Tyr Arg Glu
180 185 190

Gly Val Ala Tyr Ala Leu Lys Asn Leu Asn Leu Pro Asn Val Ile Met
195 200 205

Tyr Leu Asp Ala Gly His Gly Gly Trp Leu Gly Trp Asp Ala Asn Leu
210 215 220

Gln Pro Gly Ala Gln Glu Leu Ala Lys Ala Tyr Lys Asn Ala Gly Ser
225 230 235 240

Pro Lys Gln Leu Arg Gly Phe Ser Thr Asn Val Ala Gly Trp Asn Ser
245 250 255

Trp Asp Gln Ser Pro Gly Glu Phe Ser Gln Ala Ser Asp Ala Lys Tyr
260 265 270

Asn Lys Cys Gln Asn Glu Lys Ile Tyr Val Ser Thr Phe Gly Ser Ala
275 280 285

Leu Gln Ser Ala Gly Met Pro Asn His Ala Ile Val Asp Thr Gly Arg
290 295 300

Asn Gly Val Thr Gly Leu Arg Lys Glu Trp Gly Asp Trp Cys Asn Val
305 310 315 320

Asn Gly Ala Gly Phe Gly Val Arg Pro Thr Ser Asn Thr Gly Leu Glu
325 330 335

Leu Ala Asp Ala Phe Val Trp Val Lys Pro Gly Gly Glu Ser Asp Gly
340 345 350

Thr Ser Asp Ser Ser Ser Pro Arg Tyr Asp Ser Phe Cys Gly Lys Asp
355 360 365

Asp Ala Phe Lys Pro Ser Pro Glu Ala Gly Thr Trp Asn Glu Ala Tyr
370 375 380
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-continued

90

Phe
385

Glu Met Leu Leu Lys Asn Ala Val Pro Ser Phe
390 395

<210> SEQ ID NO 19

<211> LENGTH: 1203

<212> TYPE: DNA

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 19

atgaagtacc tcaacctect cgecagetete ctegecgteg ctectetete cctegetgea

cccagcateg aggccagaca gtcgaacgte aacccataca teggcaagag ccegetegtt

attaggtcegt acgcccaaaa gcttgaggag accgtcagga ccttccagea acgtggcegac

cagctcaacyg ctgcgaggac acggacggtg cagaacgttg cgactttege ctggatcteg

gataccaatg gtattggagc cattcgacct ctcatccaag atgctctege ccageagget

cgcactggac agaaggtcat cgtccaaate gtegtctaca acctcecaga tcegegactge

tctgecaacyg cctegactgg agagttcace gtaggaaacg acggtctcaa ccgatacaag

aactttgtca acaccatecge cegegagete tcgactgetg acgetgacaa getccacttt

gecectectee tcgaacccga cgcacttgee aacctegtca ccaacgcgaa tgeccccagg

tgccgaatceg ccgetecege ttacaaggag ggtatcgect acacccetege caccttgtece

aagcccaacg tcgacgteta catcgacgee gecaacggtg getggetegg ctggaacgac

aaccteegece ccttegecga actcttcaag gaagtctacg acctegeccg ccgcatcaac

cccaacgeca aggtecgegg cgteccegte aacgtctceca actacaacca gtaccgeget

gaagtcegeg ageccttcac cgagtggaag gacgcectggg acgagagecyg ctacgtcaac

gtcctecacce cgcacctcaa cgcegtegge ttetecegege acttcategt tgaccaggga

cgeggtggea agggceggtat caggacggag tggggcecagt ggtgcaacgt taggaacgcet

gggtteggta tcaggcctac tgcggatcag ggcegtgctee agaacccgaa tgtggatgeg

attgtgtggg ttaagceggg tggagagteg gatggcacga gtgatttgaa ctcegaacagg

tatgatccta cgtgcaggag tceggtggeg catgtteceg ctectgagge tggecagtgg

ttcaacgagt atgttgttaa cctegttttg aacgctaacce ceccctettga gectacctgg

taa

<210> SEQ ID NO 20

<211> LENGTH: 400

<212> TYPE: PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 20

Met
1

Ser

Tyr

Glu

Ala

65

Asp

Lys Tyr Leu Asn Leu Leu Ala Ala Leu Leu Ala Val Ala Pro Leu

Leu Ala Ala Pro Ser Ile Glu Ala Arg Gln Ser Asn Val Asn Pro
20 25 30

Ile Gly Lys Ser Pro Leu Val Ile Arg Ser Tyr Ala Gln Lys Leu
35 40 45

Glu Thr Val Arg Thr Phe Gln Gln Arg Gly Asp Gln Leu Asn Ala
50 55 60

Arg Thr Arg Thr Val Gln Asn Val Ala Thr Phe Ala Trp Ile Ser
70 75 80

Thr Asn Gly Ile Gly Ala Ile Arg Pro Leu Ile Gln Asp Ala Leu
85 90 95

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1203
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92

Ala

Tyr

Phe

Thr

145

Ala

Asn

Ala

Asp

Phe

225

Pro

Gln

Trp

Gly
305
Gly

Asn

Thr

Gln

Asn

Thr

130

Ile

Leu

Ala

Tyr

Ala

210

Ala

Asn

Tyr

Asp

Gly

290

Gly

Phe

Val

Ser

Ala

370

Val

Gln

Leu

115

Val

Ala

Leu

Pro

Thr

195

Ala

Glu

Ala

Arg

Glu

275

Phe

Ile

Gly

Asp

Asp

355

His

Asn

Ala

100

Pro

Gly

Arg

Leu

Arg

180

Leu

Asn

Leu

Lys

Ala

260

Ser

Ser

Arg

Ile

Ala

340

Leu

Val

Leu

Arg

Asp

Asn

Glu

Glu

165

Cys

Ala

Gly

Phe

Val

245

Glu

Arg

Ala

Thr

Arg

325

Ile

Asn

Pro

Val

<210> SEQ ID NO 21

<211> LENGTH:

1501

Thr

Arg

Asp

Leu

150

Pro

Arg

Thr

Gly

Lys

230

Arg

Val

Tyr

His

Glu

310

Pro

Val

Ser

Ala

Leu
390

Gly

Asp

Gly

135

Ser

Asp

Ile

Leu

Trp

215

Glu

Gly

Arg

Val

Phe

295

Trp

Thr

Trp

Asn

Pro

375

Asn

Gln

Cys

120

Leu

Thr

Ala

Ala

Ser

200

Leu

Val

Val

Glu

Asn

280

Ile

Gly

Ala

Val

Arg

360

Glu

Ala

Lys

105

Ser

Asn

Ala

Leu

Ala

185

Lys

Gly

Tyr

Pro

Pro

265

Val

Val

Gln

Asp

Lys

345

Tyr

Ala

Asn

Val

Ala

Arg

Asp

Ala

170

Pro

Pro

Trp

Asp

Val

250

Phe

Leu

Asp

Trp

Gln

330

Pro

Asp

Gly

Pro

Ile

Asn

Tyr

Ala

155

Asn

Ala

Asn

Asn

Leu

235

Asn

Thr

Thr

Gln

Cys

315

Gly

Gly

Pro

Gln

Pro
395

Val

Ala

Lys

140

Asp

Leu

Tyr

Val

Asp

220

Ala

Val

Glu

Pro

Gly

300

Asn

Val

Gly

Thr

Trp

380

Leu

Gln

Ser

125

Asn

Lys

Val

Lys

Asp

205

Asn

Arg

Ser

Trp

His

285

Arg

Val

Leu

Glu

Cys

365

Phe

Glu

Ile

110

Thr

Phe

Leu

Thr

Glu

190

Val

Leu

Arg

Asn

Lys

270

Leu

Gly

Arg

Gln

Ser

350

Arg

Asn

Pro

Val

Gly

Val

His

Asn

175

Gly

Tyr

Arg

Ile

Tyr

255

Asp

Asn

Gly

Asn

Asn

335

Asp

Ser

Glu

Thr

Val

Glu

Asn

Phe

160

Ala

Ile

Ile

Pro

Asn

240

Asn

Ala

Ala

Lys

Ala

320

Pro

Gly

Pro

Tyr

Trp
400

<212> TYPE:

DNA

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 21

geegttgtea

ctceeetttyg

ccaacgtgga

gactggaact

ggggtcgacc

ggcgtcaact

tatttcaagg

agatgggcca

tgaaggctca

agtgcacgac

accgttggat

acacgetgtyg

acacgagcag

ggagcaacgg

gaagacgctyg

gcagceegge

cgccggcgge

ccacaatgec

tccagatgag

cggtgteace

gcagaccaac

cacggatteg

aacttcacge

tgcgttcage

gacggcaccyg

gegacctgeyg

acatccggea

agcgtttege

cegecacgge

cggaggtgca

aggacacttce

cctegtgeac

cgaagaactyg

gttegetgac

ctcgtetceta

tttggcegtt

ccecgcaactyg

ggtggtgctc

gacgtccage

cttegtggaa

gatgaggcag

cctgetegge

60

120

180

240

300

360

420
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-continued
tcggatggaa actacgtaat gctcaagetg cteggccagg agetgagett cgatgtcgat 480
ctcetecacge tccectgegg cgagaacgge gegetgtace tgtcecgagat ggacgcgace 540
ggtggcagga accagtacaa caccggceggt gcecaactacg getcgggeta ctgtgacgec 600
cagtgtcceg tgcagacgtg gatgaacgge acgctgaaca ccaacgggca gggctactge 660
tgcaacgaga tggacatcct cgaggccaac tceccgcegeca acgcgatgac acctcaccce 720
tgcgecaacyg gcagcetgcga caagageggg tgcggactca accectacge cgagggctac 780
aagagctact acggaccggg cctcacggtt gacacgtcga agcccttcac catcattace 840
cgcttecatca ccgacgacgg cacgaccage ggcacccteca accagatcca gcggatctat 900
gtgcagaatyg gcaagacggt cgcgtcggcet gegtceggag gegacatcat cacggcatcce 960
ggctgcacct cggeccagge gtteggeggg ctggccaaca tgggcegegge gettggacgg 1020
ggcatggtge tgaccttcag catctggaac gacgctgggg gctacatgaa ctggctcgac 1080
agcggcaaca acggceccgtg cagcagcacce gagggcaacce cgtccaacat cctggcecaac 1140
tacccggaca cccacgtggt cttcectcecaac atcegcectggg gagacatcgg ctcgacggte 1200
caggtectegg gaggeggcaa cggcggeteg accaccacca cgtegaccac cacgcetgagg 1260
acctecgacca cgaccaccac caccgcecceg acggccactyg ccacgcactyg gggacaatge 1320
ggcggaatceg gggtacgtca accgcctect gecattcectgtt gaggaagtta actaacgtgg 1380
cctacgcagt ggactggacce gaccgtetge gaatcgeegt acgcatgcaa ggagctgaac 1440
ccetggtact accagtgect ctaaagtatt gcagtgaage catactccgt getcggcatg 1500
g 1501

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

D NO 22
H: 464
PRT

<400> SEQUENCE: 22

Met Gly Gln
1

Leu Pro Phe
His Pro Gln
35

Gln Gln Asp
50

Asn Ala Asp
65

Thr Leu Cys

Gly Val Asn

Thr Met Arg
115

Ser Pro Arg
130

Lys Leu Leu
145

Pro Cys Gly

Lys Thr Leu His Gly

Val Lys Ala Gln Gln

20

Leu Pro Thr Trp Lys

40

Thr Ser Val Val Leu

55

Gly Thr Ala Ser Cys

70

Pro Asp Glu Ala Thr

85

Tyr Thr Ser Ser Gly

100

Gln Tyr Phe Lys Gly

120

Leu Tyr Leu Leu Gly

135

Gly Gln Glu Leu Ser
150

Glu Asn Gly Ala Leu

165

Phe

Pro

25

Cys

Asp

Thr

Cys

Val

105

Ser

Ser

Phe

Tyr

Ala

Gly

Thr

Trp

Thr

Ala

90

Thr

Asn

Asp

Asp

Leu
170

Ala

Asn

Thr

Asn

Ser

75

Lys

Thr

Gly

Gly

Val

155

Ser

Thr Ala Leu
Phe Thr Pro
30

Ala Gly Gly
45

Tyr Arg Trp
60

Ser Gly Val

Asn Cys Phe

Ser Gly Ser
110

Gln Thr Asn
125

Asn Tyr Val
140

Asp Leu Ser

Glu Met Asp

Ala Val

Glu Val

Cys Val

Ile His

Asp His

Val Glu

95

Ser Leu

Ser Val

Met Leu

Thr Leu

160

Ala Thr
175
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Gly

Tyr

Asn

Ala

225

Ser

Lys

Thr

Leu

Ser

305

Ala

Gly

Asn

Asn

Ser

385

Gly

Thr

Trp

Ser

Gly

Cys

Thr

210

Asn

Cys

Ser

Ile

Asn

290

Ala

Gln

Met

Trp

Pro

370

Asn

Gly

Ser

Gly

Pro
450

Arg

Asp

195

Asn

Ser

Asp

Tyr

Ile

275

Gln

Ala

Ala

Val

Leu

355

Ser

Ile

Asn

Thr

Gln

435

Tyr

Asn

180

Ala

Gly

Arg

Lys

Tyr

260

Thr

Ile

Ser

Phe

Leu

340

Asp

Asn

Arg

Gly

Thr

420

Cys

Ala

Gln

Gln

Gln

Ala

Ser

245

Gly

Arg

Gln

Gly

Gly

325

Thr

Ser

Ile

Trp

Gly

405

Thr

Gly

Cys

<210> SEQ ID NO 23

<211> LENGTH:

1368

Tyr

Cys

Gly

Asn

230

Gly

Pro

Phe

Arg

Gly

310

Gly

Phe

Gly

Leu

Gly

390

Ser

Thr

Gly

Lys

Asn

Pro

Tyr

215

Ala

Cys

Gly

Ile

Ile

295

Asp

Leu

Ser

Asn

Ala

375

Asp

Thr

Thr

Ile

Glu
455

Thr

Val

200

Cys

Met

Gly

Leu

Thr

280

Tyr

Ile

Ala

Ile

Asn

360

Asn

Ile

Thr

Thr

Gly

440

Leu

Gly

185

Gln

Cys

Thr

Leu

Thr

265

Asp

Val

Ile

Asn

Trp

345

Gly

Tyr

Gly

Thr

Ala

425

Trp

Asn

Gly

Thr

Asn

Pro

Asn

250

Val

Asp

Gln

Thr

Met

330

Asn

Pro

Pro

Ser

Thr

410

Pro

Thr

Pro

Ala

Trp

Glu

His

235

Pro

Asp

Gly

Asn

Ala

315

Gly

Asp

Cys

Asp

Thr

395

Ser

Thr

Gly

Trp

Asn

Met

Met

220

Pro

Tyr

Thr

Thr

Gly

300

Ser

Ala

Ala

Ser

Thr

380

Val

Thr

Ala

Pro

Tyr
460

Tyr

Asn

205

Asp

Cys

Ala

Ser

Thr

285

Lys

Gly

Ala

Gly

Ser

365

His

Gln

Thr

Thr

Thr

445

Tyr

Gly

190

Gly

Ile

Ala

Glu

Lys

270

Ser

Thr

Cys

Leu

Gly

350

Thr

Val

Val

Thr

Ala

430

Val

Gln

Ser

Thr

Leu

Asn

Gly

255

Pro

Gly

Val

Thr

Gly

335

Tyr

Glu

Val

Ser

Leu

415

Thr

Cys

Cys

Gly

Leu

Glu

Gly

240

Tyr

Phe

Thr

Ala

Ser

320

Arg

Met

Gly

Phe

Gly

400

Arg

His

Glu

Leu

<212> TYPE:

DNA

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 23

accgatcege

gCtggCCgCg

gcagaagtge

gtcegegege

cectgtgeteg

ggcccacgge

cgacggcace

ctacgaggac

tcgaagatgg

geccagcaga

actcteegeg

tcgetgeaca

gacgcgaagt

gtggcgacca

tacaggaccyg

ttcaagctge

cgcccaagte

tcggcaaage

gcgggtgcaa

aggtcgggga

cgtgceggcaa

agggcgacgc

tctegeegeyg

tcaacgccga

tacagttctg

cgtgcccgag

gectgteege

ccccaacacce

gaactgcgeyg

cctecacgetyg

cgtataccte

gctecagette

geegectgge

gtccacceca

acctcggteg

agctgcageg

ctcgagggcg

caccagtgge

ctgggcgagyg

gacgtcgacg

tgctctecte

aactgacaac

tgctcgacte

tcggcggcga

tcgactacge

tcaagggggc

acgggaagaa

tgtcccaget

60

120

180

240

300

360

420

480
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-continued
cgtetgegge atgaacggeg cectgtactt ctecgagatg gagatggacg geggecgeag 540
ccegetgaac ceggegggeg ccacgtacgg cacgggetac tgcgacgege agtgecccaa 600
gttggacttt atcaacggcg aggtatttct tctctecttet gtttttettt tcecatcgett 660
tttetgacceyg gaatcecgece tcettagetca acaccaacca cacgtacggg gegtgetgeca 720
acgagatgga catctgggag gccaacgege tggegcagge getcacgecg caccegtgca 780
acgcgacgeg ggtgtacaag tgcgacacgg cggacgagtg cgggcagecyg gtgggegtgt 840
gegacgaatyg ggggtgcteg tacaaccegt ccaacttegg ggtcaaggac tactacggge 900
gcaacctgac ggtggacacg aaccgcaagt tcacggtgac gacgcagttce gtgacgtcca 960
acgggceggge ggacggegag ctgaccgaga tceggegget gtacgtgeag gacggegtgg 1020
tgatccagaa ccacgeggte acggegggeg gggegacgta cgacagcate acggacgget 1080
tctgcaacge gacggecace tggacgcage ageggggegg getegegege atgggegagg 1140
ccatcggeccg cggcatggtg ctcatcttca gcecectgtgggt tgacaacggce ggcttcatga 1200
actggctega cagcggcaac gecgggecoct gcaacgecac cgagggegac ccggecctga 1260
tcctgcagea gcacceggac gecagegtca ccttetecaa catecgatgg ggegagatceg 1320
gcagcacgta caagagcgag tgcagccact agagtagagc ttgtaatt 1368

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 24
H: 423
PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 24

Met Ala Pro
1

Ala Ala Ala
Leu Thr Thr
35

Thr Ser Val
50

Asp Pro Asn
65

Lys Ser Cys

His Gly Val

Lys Gly Ala
115

Leu Gly Glu
130

Glu Leu Ser
145

Gly Ala Leu

Leu Asn Pro

Cys Pro Lys
195

Tyr Gly Ala
210

Lys Ser Thr Val Leu

Gln Gln Ile Gly Lys

20

Gln Lys Cys Thr Leu

40

Val Leu Asp Ser Ser

Thr Ser Cys Ser Val

70

Gly Lys Asn Cys Ala

85

Ala Thr Lys Gly Asp

100

Asp Gly Thr Tyr Arg

120

Asp Gly Lys Asn Tyr

135

Phe Asp Val Asp Val
150

Tyr Phe Ser Glu Met

165

Ala Gly Ala Thr Tyr

180

Leu Asp Phe Ile Asn

200

Cys Cys Asn Glu Met

215

Ala Ala Trp
10

Ala Val Pro
25

Arg Gly Gly

Ala Arg Ser

Gly Gly Asp

75

Leu Glu Gly
90

Ala Leu Thr
105

Thr Val Ser

Glu Asp Phe

Ser Gln Leu
155

Glu Met Asp
170

Gly Thr Gly
185

Gly Glu Leu

Asp Ile Trp

Leu Leu Ser
Glu Val His
30

Cys Lys Pro
45

Leu His Lys
60

Leu Cys Ser

Val Asp Tyr

Leu His Gln
110

Pro Arg Val
125

Lys Leu Leu
140

Val Cys Gly

Gly Gly Arg

Tyr Cys Asp

190

Asn Thr Asn
205

Glu Ala Asn
220

Ser Leu
15

Pro Lys

Val Arg

Val Gly

Asp Ala

80

Ala Ala
95

Trp Leu

Tyr Leu

Asn Ala

Met Asn
160

Ser Pro
175
Ala Gln

His Thr

Ala Leu
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100

Ala Gln Ala
225

Cys Asp Thr

Trp Gly Cys

Gly Arg Asn

275

Gln Phe Val
290

Arg Arg Leu
305

Thr Ala Gly

Ala Thr Ala

Glu Ala Ile

355

Asn Gly Gly
370

Asn Ala Thr
385

Ala Ser Val

Tyr Lys Ser

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Thr Pro His Pro
230

Ala Asp Glu Cys Gly

245

Ser Tyr Asn Pro Ser

260

Leu Thr Val Asp Thr

280

Thr Ser Asn Gly Arg

295

Tyr Val Gln Asp Gly
310

Gly Ala Thr Tyr Asp

325

Thr Trp Thr Gln Gln

340

Gly Arg Gly Met Val

360

Phe Met Asn Trp Leu

375

Glu Gly Asp Pro Ala
390

Thr Phe Ser Asn Ile

405

Glu Cys Ser His

420

D NO 25
H: 1011
DNA

Cys Asn Ala
235

Gln Pro Val
250

Asn Phe Gly
265

Asn Arg Lys

Ala Asp Gly

Val Val Ile

315

Ser Ile Thr
330

Arg Gly Gly
345

Leu Ile Phe

Asp Ser Gly

Leu Ile Leu
395

Arg Trp Gly
410

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 25

atgaccctac

gtcccacggyg

tgcgtgcage

geeggetege

gtgacgctgt

tacctectgg

gtggacgtcg

atggeggcegg

cagggctact

acgccgeace

gccageggece

accgtegtea

atccagaacg

thanggCg

agcatctgga

tgcgecagty

ggctcectgt

cggagtttca

agaacaccag

ggacggaatc

accactacgt

gcgceggacgy

acttctegge

acgggcgggay

getgcaacga

cgtgcaaggg

agcgeggett

cgcagttege

gccgggagat

gectgacegyg

acgacgcgge

gccagggcag

catcageetyg

ccececectete

cgtegtectyg

ggattacgcyg

caagaccaac

caagtacgtyg

getgeegtge

c¢gacgcegggy

gatggacatc

caacaactgc

ctacgggecc

cgccagegyge

¢ggeggegge

catgggcgag

ccaggagatg

ccegteegte

ctggectege

ccgacttgga

gaccgtgact

gcaatgggag

ggcacccteyg

cttatggacc

ggcgagaacg

dcgggegacy

ctcgaggeca

gaccgcagceyg

ggcaagacgg

ggcaagctga

ggcaccatct

gegetgggge

gecatggcteg

attcagtege

Thr Arg Val

Gly Val Cys

Val Lys Asp

270

Phe Thr Val
285

Glu Leu Thr
300

Gln Asn His

Asp Gly Phe

Leu Ala Arg

350

Ser Leu Trp
365

Asn Ala Gly
380

Gln Gln His

Glu Ile Gly

tggcagcagyg
aatgcacgac
cgaagtacge
tgtccactte
tcceegette
tcctcaacca
gggectteta
ggtactgcga
actcgatgge
getgeggeta
tcgacacgag
cccagatcac
ccagetgegy
gcggaatggt
atgccggcaa

agcatcccga

Tyr Lys
240

Asp Glu
255

Tyr Tyr

Thr Thr

Glu Ile

Ala Val
320

Cys Asn
335

Met Gly

Val Asp

Pro Cys

Pro Asp
400

Ser Thr
415

cgecegtegte
ctceggggge
cgcacacage
gggcaatgce
gecegegeate
ggagctgteg
cctgtecgag
cgegcagtge
gacggccatg
caaccegtac
caagcectte
ccgcaagtac
ctcegagtet
getggecatg
caacggcect

cacccacgte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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gtctteteca acatcaggtyg gggcgacatce gggtctacca cgaagaacta g

<210> SEQ ID NO 26

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Thielavia terrestris

PRT

<400> SEQUENCE:

Met
1
Gly

Trp

Ser

Asp

Pro

Gly

145

Gln

Ala

Ser

Gly

Gln

225

Ile

Gly

Gly

Glu

Gln
305

Thr

Ala

Lys

Leu

50

Glu

Thr

Pro

Leu

Cys

130

Arg

Gly

Thr

Gly

Pro

210

Phe

Gln

Ser

Arg

Met
290

Gly

Phe

Leu

Val

Cys

35

Asp

Ser

Leu

Arg

Leu

115

Gly

Gly

Tyr

Ala

Cys

195

Gly

Ala

Asn

Glu

Gly

275

Ala

Ser

Ser

Arg

Val

20

Thr

Arg

Asp

Tyr

Ile

100

Asn

Glu

Asp

Cys

Met

180

Gly

Lys

Ala

Gly

Ser

260

Met

Trp

Pro

Asn

336

26

Leu

Val

Thr

Asp

Tyr

His

85

Tyr

Gln

Asn

Ala

Cys

165

Thr

Tyr

Thr

Ser

Arg

245

Ser

Val

Leu

Ser

Ile
325

<210> SEQ ID NO 27

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Cladorrhinum foecundissimum

1480

Pro

Pro

Ser

Ser

Ala

70

Tyr

Leu

Glu

Gly

Gly

150

Asn

Pro

Asn

Val

Gly

230

Glu

Thr

Leu

Asp

Val
310

Arg

Val

Arg

Gly

Lys

55

Ala

Val

Leu

Leu

Ala

135

Ala

Glu

His

Pro

Asp

215

Gly

Ile

Gly

Ala

Ala
295

Ile

Trp

Ile

Ala

Gly

40

Tyr

Met

Lys

Gly

Ser

120

Phe

Gly

Met

Pro

Tyr

200

Thr

Lys

Gly

Gly

Met

280

Gly

Gln

Gly

Ser

Glu

25

Cys

Ala

Gly

Thr

Ala

105

Val

Tyr

Asp

Asp

Cys

185

Ala

Ser

Leu

Gly

Leu

265

Ser

Asn

Ser

Asp

Leu

10

Phe

Val

Ala

Val

Asn

90

Asp

Asp

Leu

Gly

Ile

170

Lys

Ser

Lys

Thr

Gly

250

Thr

Ile

Asn

Gln

Ile
330

Leu

His

Gln

His

Ser

75

Gly

Gly

Val

Ser

Tyr

155

Leu

Gly

Gly

Pro

Gln

235

Gly

Gly

Trp

Gly

His

315

Gly

Ala

Pro

Gln

Ser

60

Thr

Thr

Lys

Asp

Glu

140

Cys

Glu

Asn

Gln

Phe

220

Ile

Thr

Met

Asn

Pro
300

Pro

Ser

Ser

Pro

Asn

45

Ala

Ser

Leu

Tyr

Phe

125

Met

Asp

Ala

Asn

Arg

205

Thr

Thr

Ile

Gly

Asp

285

Cys

Asp

Thr

Leu

Leu

30

Thr

Gly

Gly

Val

Val

110

Ser

Ala

Ala

Asn

Cys

190

Gly

Val

Arg

Ser

Glu

270

Ala

Ala

Thr

Thr

Ala

Pro

Ser

Ser

Asn

Pro

95

Leu

Ala

Ala

Gln

Ser

175

Asp

Phe

Val

Lys

Ser

255

Ala

Ala

Ser

His

Lys
335

Ala

Thr

Val

Arg

Ala

Ala

Met

Leu

Asp

Cys

160

Met

Arg

Tyr

Thr

Tyr

240

Cys

Leu

Gln

Gly

Val
320

Asn
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<400> SEQUENCE: 27

gatccgaatt cctecteteg ttcetttagtce acagaccaga catctgecca cgatggttca 60
caagttcgee ctectcaccg gectcegecge ctecctegea tetgeccage agatcggcac 120
cgtegtecee gagtctcace ccaagettece caccaagege tgcactcteg cceggtggetg 180
ccagaccgte gacacctcca tcgtcatcga cgecttecag cgteccctece acaagatcgg 240
cgaccettee actecttgeg tegtceggegg cectetetge cecgacgeca agtectgege 300
tgagaactgce gcgctecgagg gtgtcgacta tgectcectgg ggcatcaaga ccgagggcga 360
cgecctaact ctcaaccagt ggatgcccga cecggcgaac cctggccagt acaagacgac 420
tactcccegt acttaccttg ttgctgagga cggcaagaac tacgaggatyg tgaagctcct 480
ggctaaggag atctecgtttg atgecgatgt cagcaacctt cectgeggca tgaacggtge 540
tttctacttyg tctgagatgt tgatggatgg tggacgtgge gacctcaacce ctgetggtge 600
cgagtatggt accggttact gtgatgegca gtgcttcaag ttggatttca tcaacggcga 660
ggccaacatce gaccaaaagc acggcgectg ctgcaacgaa atggacattt tcgaatccaa 720
ctegegegee aagacctteg tcccccacce ctgcaacate acgcaggtet acaagtgcga 780
aggcgaagac gagtgcggcece agcccgtegg cgtgtgcgac aagtgggggt gceggettcaa 840
cgagtacaaa tggggegtceg agtcctteta cggecgggge tegecagtteg ccatcgacte 900
ctccaagaag ttcaccgtca ccacgcagtt cctgaccgac aacggcaagyg aggacggcegt 960
cctegtegag atccgecget tgtggcacca ggatggcaag ctgatcaaga acaccgctat 1020
ccaggttgag gagaactaca gcacggactc ggtgagcacce gagttctgeg agaagactge 1080
ttectttecace atgcagcgeg gtggtctcaa ggcgatgggce gaggctatcg gtegtggtat 1140
ggtgctggtt ttcagcatct gggcggatga ttcgggtttt atgaactggt tggatgcgga 1200
gggtaatggc ccttgcagcg cgactgaggg cgatccgaag gagattgtca agaataagcec 1260
ggatgctagg gttacgttct caaacattag gattggtgag gttggtagca cgtatgctcce 1320
gggtgggaag tgcggtgtta agagcagggt tgctaggggg cttactgett cttaaggggy 1380
gtgtgaagag aggaggaggt gttgttgggg gttggagatg ataattgggc gagatggtgt 1440
agagcgggtt ggttggatat gaatacgttg aattggatgt 1480

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 28
H: 440
PRT

<213> ORGANISM: Cladorrhinum foecundissimum

<400> SEQUENCE: 28

Met Val His
1

Ser Ala Gln
Pro Thr Lys
35

Ser Ile Val
50

Pro Ser Thr
65

Ser Cys Ala

Lys Phe Ala Leu Leu

Gln Ile Gly Thr Val
20

Arg Cys Thr Leu Ala
40

Ile Asp Ala Phe Gln
55

Pro Cys Val Val Gly
70

Glu Asn Cys Ala Leu
85

Thr

Val

25

Gly

Arg

Gly

Glu

Gly

10

Pro

Gly

Pro

Pro

Gly
90

Leu

Glu

Cys

Leu

Leu

75

Val

Ala Ala Ser

Ser His Pro
30

Gln Thr Val
45

His Lys Ile
60

Cys Pro Asp

Asp Tyr Ala

Leu Ala
15

Lys Leu

Asp Thr

Gly Asp

Ala Lys

80

Ser Trp
95
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Gly

Asp

Leu

Lys

145

Asn

Asp

Gln

Lys

Arg

225

Lys

Lys

Tyr

Thr

Glu

Lys

Ile

Asn

385

Asn

Ile

Pro

Val

130

Glu

Gly

Leu

Cys

His

210

Ala

Cys

Trp

Gly

Thr

290

Glu

Ala

Phe

Ala

Trp

370

Gly

Lys

Gly

Ala

Lys

Ala

115

Ala

Ile

Ala

Asn

Phe

195

Gly

Lys

Glu

Gly

Arg

275

Thr

Ile

Ile

Cys

Met

355

Ala

Pro

Pro

Ser

Arg
435

Thr

100

Asn

Glu

Ser

Phe

Pro

180

Lys

Ala

Thr

Gly

Cys

260

Gly

Gln

Arg

Gln

Glu

340

Gly

Asp

Cys

Asp

Thr

420

Gly

Glu

Pro

Asp

Phe

Tyr

165

Ala

Leu

Cys

Phe

Glu

245

Gly

Ser

Phe

Arg

Val

325

Lys

Glu

Asp

Ser

Ala

405

Tyr

Leu

<210> SEQ ID NO 29

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Trichoderma

<400> SEQUENCE:

atggcgeect cagttacact geecgttgace acggecatece tggecattge ceggetegte

gecgeccage aaccgggtac cagcacccce gaggtccate ccaagttgac aacctacaag

tgtacaaagt ccggggggtyg cgtggeccag gacacctegg tggtceettga ctggaactac

1380

29

Gly

Gly

Gly

Asp

150

Leu

Gly

Asp

Cys

Val

230

Asp

Phe

Gln

Leu

Leu

310

Glu

Thr

Ala

Ser

Ala

390

Arg

Ala

Thr

Asp

Gln

Lys

135

Ala

Ser

Ala

Phe

Asn

215

Pro

Glu

Asn

Phe

Thr

295

Trp

Glu

Ala

Ile

Gly

375

Thr

Val

Pro

Ala

Ala

Tyr

120

Asn

Asp

Glu

Glu

Ile

200

Glu

His

Cys

Glu

Ala

280

Asp

His

Asn

Ser

Gly

360

Phe

Glu

Thr

Gly

Ser
440

Leu

105

Lys

Tyr

Val

Met

Tyr

185

Asn

Met

Pro

Gly

Tyr

265

Ile

Asn

Gln

Tyr

Phe

345

Arg

Met

Gly

Phe

Gly
425

reeseil

Thr

Thr

Glu

Ser

Leu

170

Gly

Gly

Asp

Cys

Gln

250

Lys

Asp

Gly

Asp

Ser

330

Thr

Gly

Asn

Asp

Ser

410

Lys

Leu Asn

Thr Thr

Asp Val
140

Asn Leu
155

Met Asp

Thr Gly

Glu Ala

Ile Phe
220

Asn Ile
235

Pro Val

Trp Gly

Ser Ser

Lys Glu
300

Gly Lys
315

Thr Asp

Met Gln

Met Val

Trp Leu

380

Pro Lys
395

Asn Ile

Cys Gly

Gln

Pro

125

Lys

Pro

Gly

Tyr

Asn

205

Glu

Thr

Gly

Val

Lys

285

Asp

Leu

Ser

Arg

Leu

365

Asp

Glu

Arg

Val

Trp

110

Arg

Leu

Cys

Gly

Cys

190

Ile

Ser

Gln

Val

Glu

270

Lys

Gly

Ile

Val

Gly

350

Val

Ala

Ile

Ile

Lys
430

Met

Thr

Leu

Gly

Arg

175

Asp

Asp

Asn

Val

Cys

255

Ser

Phe

Val

Lys

Ser

335

Gly

Phe

Glu

Val

Gly

415

Ser

Pro

Tyr

Ala

Met

160

Gly

Ala

Gln

Ser

Tyr

240

Asp

Phe

Thr

Leu

Asn

320

Thr

Leu

Ser

Gly

Lys

400

Glu

Arg
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-continued
cgetggatge acgacgcaaa ctacaactcg tgcaccgtca acggcggegt caacaccacg 240
ctetgecctyg acgaggcgac ctgtggcaag aactgcttea tegagggegt cgactacgece 300
gectegggeyg tcacgaccte gggcagcage ctcaccatga accagtacat geccagcage 360
tctggegget acagcagegt ctetectegg ctgtatctece tggactcetga cggtgagtac 420
gtgatgctga agctcaacgg ccaggagcetg agcttegacg tegacctcetce tgetetgecg 480
tgtggagaga acggctcgcet ctacctgtet cagatggacyg agaacggggyg cgccaaccag 540
tataacacgg ccggtgccaa ctacgggage ggctactgeg atgctcagtyg cccegtecag 600
acatggagga acggcaccct caacactage caccagggcet tcetgctgcaa cgagatggat 660
atcctggagg gcaactcgag ggcgaatgece ttgacccecte actcttgcac ggccacggece 720
tgcgactcetyg ccggttgegg cttcaaccee tatggcageg gctacaaaag ctactacgge 780
cceggagata ccegttgacac ctccaagacce ttcaccatca tcacccagtt caacacggac 840
aacggctege cctegggcaa ccttgtgage atcacccgea agtaccagca aaacggegte 900
gacatcceca gegeccagee cggeggcgac accatctegt cctgcecegte cgectcagece 960
tacggcggcece tcgccaccat gggcaaggcce ctgagcagceg gcatggtget cgtgttcagce 1020
atttggaacg acaacagcca gtacatgaac tggctcgaca gceggcaacge cggeccctge 1080
agcagcaccg agggcaaccce atccaacatc ctggccaaca accccaacac gcacgtegte 1140
ttcteccaaca teccgetgggg agacattggg tctactacga actcgactge geccccgecce 1200
ccgectgegt ccagcacgac gttttcegact acacggagga gctcgacgac ttcgagcagce 1260
ccgagetgea cgcagactca ctgggggcag tgeggtggea ttgggtacag cgggtgcaag 1320
acgtgcacgt cgggcactac gtgccagtat agcaacgact actactcgca atgcctttag 1380

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 30
H: 459
PRT

<213> ORGANISM: Trichoderma rees

<400> SEQUENCE: 30

Met Ala Pro
1

Ala Arg Leu
His Pro Lys
35

Ala Gln Asp
50

Asp Ala Asn
65

Leu Cys Pro

Val Asp Tyr

Met Asn Gln

115

Pro Arg Leu
130

Leu Asn Gly
145

Ser Val Thr Leu Pro

Val Ala Ala Gln Gln

20

Leu Thr Thr Tyr Lys

40

Thr Ser Val Val Leu

55

Tyr Asn Ser Cys Thr

70

Asp Glu Ala Thr Cys

85

Ala Ala Ser Gly Val

100

Tyr Met Pro Ser Ser

120

Tyr Leu Leu Asp Ser

135

Gln Glu Leu Ser Phe
150

ei

Leu

Pro

25

Cys

Asp

Val

Gly

Thr
105
Ser

Asp

Asp

Thr

10

Gly

Thr

Trp

Asn

Lys

90

Thr

Gly

Gly

Val

Thr

Thr

Lys

Asn

Gly

75

Asn

Ser

Gly

Glu

Asp
155

Ala Ile Leu
Ser Thr Pro
30

Ser Gly Gly
45

Tyr Arg Trp
60

Gly Val Asn

Cys Phe Ile
Gly Ser Ser
110

Tyr Ser Ser
125

Tyr Val Met
140

Leu Ser Ala

Ala Ile
15

Glu Val

Cys Val

Met His

Thr Thr

80

Glu Gly

95

Leu Thr

Val Ser

Leu Lys

Leu Pro
160
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Cys Gly Glu

Gly Ala Asn

Cys Asp Ala

195

Thr Ser His
210

Asn Ser Arg
225

Cys Asp Ser

Ser Tyr Tyr

Ile Ile Thr

275

Val Ser Ile
290

Ala Gln Pro
305

Tyr Gly Gly

Leu Val Phe

Asp Ser Gly

355

Asn Ile Leu
370

Arg Trp Gly
385

Pro Pro Ala

Thr Ser Ser

Gly Ile Gly
435

Gln Tyr Ser
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asn Gly Ser Leu Tyr

165

Gln Tyr Asn Thr Ala

180

Gln Cys Pro Val Gln

200

Gln Gly Phe Cys Cys

215

Ala Asn Ala Leu Thr
230

Ala Gly Cys Gly Phe

245

Gly Pro Gly Asp Thr

260

Gln Phe Asn Thr Asp

280

Thr Arg Lys Tyr Gln

295

Gly Gly Asp Thr Ile
310

Leu Ala Thr Met Gly

325

Ser Ile Trp Asn Asp

340

Asn Ala Gly Pro Cys

360

Ala Asn Asn Pro Asn

375

Asp Ile Gly Ser Thr
390

Ser Ser Thr Thr Phe

405

Ser Pro Ser Cys Thr

420

Tyr Ser Gly Cys Lys

440

Asn Asp Tyr Tyr Ser

D NO 31
H: 1545
DNA

455

<213> ORGANISM: Trichoderma rees

<400> SEQUENCE: 31

atgtatcgga

tgcactctee

acgtgcactce

acgaacagca

aacgagacct

gttaccacga

gttggegete

agttggcegt

aatcggagac

aacagacagg

gcacgaactyg

gegegaagaa

geggtaacag

gectttacct

catcteggec

tcaccegect

ctcegtggte

ctacgatgge

ctgetgtetyg

cctcectecatt

tatggcgage

Leu

Gly

185

Thr

Asn

Pro

Asn

Val

265

Asn

Gln

Ser

Lys

Asn

345

Ser

Thr

Thr

Ser

Gln

425

Thr

Gln

ei

Ser

170

Ala

Trp

Glu

His

Pro

250

Asp

Gly

Asn

Ser

Ala

330

Ser

Ser

His

Asn

Thr

410

Thr

Cys

Cys

Gln

Asn

Arg

Met

Ser

235

Tyr

Thr

Ser

Gly

Cys

315

Leu

Gln

Thr

Val

Ser

395

Thr

His

Thr

Leu

ttcttggeca

ctgacatgge

atcgacgceca

aacacttgga

gangthCg

ggctttgtca

gacacgacct

Met Asp Glu
Tyr Gly Ser
190

Asn Gly Thr
205

Asp Ile Leu
220

Cys Thr Ala

Gly Ser Gly

Ser Lys Thr
270

Pro Ser Gly
285

Val Asp Ile
300

Pro Ser Ala

Ser Ser Gly

Tyr Met Asn
350

Glu Gly Asn
365

Val Phe Ser
380

Thr Ala Pro

Arg Arg Ser

Trp Gly Gln
430

Ser Gly Thr
445

cagctegtge
agaaatgctce
actggegetyg
getegacect
cctacgegte
cccagtetge

accaggaatt

Asn Gly
175

Gly Tyr

Leu Asn

Glu Gly

Thr Ala
240

Tyr Lys
255

Phe Thr

Asn Leu

Pro Ser

Ser Ala
320

Met Val
335

Trp Leu

Pro Ser

Asn Ile

Pro Pro
400

Ser Thr
415

Cys Gly

Thr Cys

tcagtecggee
gtetggtgge
gactcacgcet
atgtcctgac
cacgtacgga
gcagaagaac

caccctgett

60

120

180

240

300

360

420
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ggcaacgagt tctctttcega tgttgatgtt tegcagetge cgtgceggett gaacggaget 480
ctctactteg tgtccatgga cgcggatggt ggcegtgagea agtatcccac caacaccgcet 540
ggcgcecaagt acggcacggg gtactgtgac agccagtgte ceccgcgatcet gaagttcatce 600
aatggccagg ccaacgttga gggctgggag cegtcatcca acaacgcgaa cacgggcatt 660
ggaggacacyg gaagctgcetyg ctctgagatg gatatctggg aggccaactce catctccgag 720
getettacee ceccacccttg cacgactgte ggccaggaga tctgcgaggg tgatgggtge 780
ggcggaactt actccgataa cagatatggce ggcacttgeg atcccgatgg ctgcgactgg 840
aacccatacce gcctgggcaa caccagette tacggcecctyg gcetcaagett taccctcgat 900
accaccaaga aattgaccgt tgtcacccag ttcgagacgt cgggtgccat caaccgatac 960
tatgtccaga atggcgtcac tttccagcag cccaacgcecg agcttggtag ttactctggce 1020
aacgagctca acgatgatta ctgcacagct gaggaggcag aattcggcgg atcctcettte 1080
tcagacaagg gcggcctgac tcagttcaag aaggctacct ctggcggcat ggttctggtce 1140
atgagtctgt gggatgatta ctacgccaac atgctgtgge tggactccac ctacccgaca 1200
aacgagacct cctccacacce cggtgeegtg cgeggaaget gcetcecaccag ctceeggtgte 1260
cctgctcagg tcgaatctca gtcectceccaac gccaaggtca ccttcectccaa catcaagtte 1320
ggacccattyg gcagcaccgg caaccctage ggcggcaacce ctecceggegg aaacccgect 1380
ggcaccacca ccacccgcecg cccagecact accactggaa getctecegg acctacccag 1440
tctcactacg geccagtgegg cggtattgge tacagcggcece ccacggtctg cgccagcggce 1500
acaacttgcce aggtcctgaa cccttactac tctcagtgec tgtaa 1545

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 32
H: 514
PRT

<213> ORGANISM: Trichoderma rees

<400> SEQUENCE: 32

Met Tyr Arg
1

Ala Gln Ser
Trp Gln Lys
35

Val Val Ile
50

Thr Asn Cys
65

Asn Glu Thr

Ser Thr Tyr

Val Thr Gln

115

Ala Ser Asp
130

Ser Phe Asp
145

Leu Tyr Phe

Lys Leu Ala Val Ile

Ala Cys Thr Leu Gln

20

Cys Ser Ser Gly Gly

40

Asp Ala Asn Trp Arg

55

Tyr Asp Gly Asn Thr

Cys Ala Lys Asn Cys

85

Gly Val Thr Thr Ser

100

Ser Ala Gln Lys Asn

120

Thr Thr Tyr Gln Glu

135

Val Asp Val Ser Gln
150

Val Ser Met Asp Ala

165

ei

Ser Ala Phe

Ser Glu Thr
25

Thr Cys Thr

Trp Thr His

Trp Ser Ser
75

Cys Leu Asp
90

Gly Asn Ser
105

Val Gly Ala

Phe Thr Leu

Leu Pro Cys
155

Asp Gly Gly
170

Leu Ala Thr

His Pro Pro
30

Gln Gln Thr
45

Ala Thr Asn
60

Thr Leu Cys

Gly Ala Ala

Leu Ser Ile
110

Arg Leu Tyr
125

Leu Gly Asn
140

Gly Leu Asn

Val Ser Lys

Ala Arg

Leu Thr

Gly Ser

Ser Ser

Pro Asp

Tyr Ala

95

Gly Phe

Leu Met

Glu Phe

Gly Ala
160

Tyr Pro
175
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114

Thr

Cys

Trp

Ser

225

Ala

Gly

Cys

Ser

Leu

305

Tyr

Ser

Ala

Phe

Asp

385

Asn

Ser

Pro

Thr

465

Ser

Cys

Cys

Asn

Pro

Glu

210

Cys

Leu

Asp

Asp

Phe

290

Thr

Val

Tyr

Glu

Lys

370

Asp

Glu

Ser

Thr

Ser

450

Arg

His

Ala

Leu

Thr

Arg

195

Pro

Cys

Thr

Gly

Pro

275

Tyr

Val

Gln

Ser

Phe

355

Lys

Tyr

Thr

Gly

Phe

435

Gly

Arg

Tyr

Ser

Ala

180

Asp

Ser

Ser

Pro

Cys

260

Asp

Gly

Val

Asn

Gly

340

Gly

Ala

Tyr

Ser

Val

420

Ser

Gly

Pro

Gly

Gly
500

Gly

Leu

Ser

Glu

His

245

Gly

Gly

Pro

Thr

Gly

325

Asn

Gly

Thr

Ala

Ser

405

Pro

Asn

Asn

Ala

Gln

485

Thr

<210> SEQ ID NO 33

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE:

atgattgtcg gcattctcac cacgectgget acgectggeca cactcgcage tagtgtgect

ctagaggagce ggcaagcttg ctcaagegte tggtaattat gtgaaccete tcaagagacce

caaatactga gatatgtcaa ggggccaatg tggtggecag aattggtegg gtecgacttg

1611

33

Ala

Lys

Asn

Met

230

Pro

Gly

Cys

Gly

Gln

310

Val

Glu

Ser

Ser

Asn

390

Thr

Ala

Ile

Pro

Thr

470

Cys

Thr

Lys

Phe

Asn

215

Asp

Cys

Thr

Asp

Ser

295

Phe

Thr

Leu

Ser

Gly

375

Met

Pro

Gln

Lys

Pro

455

Thr

Gly

Cys

Tyr

Ile

200

Ala

Ile

Thr

Tyr

Trp

280

Ser

Glu

Phe

Asn

Phe

360

Gly

Leu

Gly

Val

Phe

440

Gly

Thr

Gly

Gln

Gly

185

Asn

Asn

Trp

Thr

Ser

265

Asn

Phe

Thr

Gln

Asp

345

Ser

Met

Trp

Ala

Glu

425

Gly

Gly

Gly

Ile

Val
505

Thr

Gly

Thr

Glu

Val

250

Asp

Pro

Thr

Ser

Gln

330

Asp

Asp

Val

Leu

Val

410

Ser

Pro

Asn

Ser

Gly

490

Leu

Gly

Gln

Gly

Ala

235

Gly

Asn

Tyr

Leu

Gly

315

Pro

Tyr

Lys

Leu

Asp

395

Arg

Gln

Ile

Pro

Ser

475

Tyr

Asn

Tyr

Ala

Ile

220

Asn

Gln

Arg

Arg

Asp

300

Ala

Asn

Cys

Gly

Val

380

Ser

Gly

Ser

Gly

Pro

460

Pro

Ser

Pro

Cys

Asn

205

Gly

Ser

Glu

Tyr

Leu

285

Thr

Ile

Ala

Thr

Gly

365

Met

Thr

Ser

Pro

Ser

445

Gly

Gly

Gly

Tyr

Asp

190

Val

Gly

Ile

Ile

Gly

270

Gly

Thr

Asn

Glu

Ala

350

Leu

Ser

Tyr

Cys

Asn

430

Thr

Thr

Pro

Pro

Tyr
510

Ser

Glu

His

Ser

Cys

255

Gly

Asn

Lys

Arg

Leu

335

Glu

Thr

Leu

Pro

Ser

415

Ala

Gly

Thr

Thr

Thr

495

Ser

Gln

Gly

Gly

Glu

240

Glu

Thr

Thr

Lys

Tyr

320

Gly

Glu

Gln

Trp

Thr

400

Thr

Lys

Asn

Thr

Gln

480

Val

Gln

60

120

180



115

US 9,434,972 B2

116

-continued
ctgtgettee ggaagcacat gecgtctacte caacgactat tactcccagt gtcttceccgg 240
cgetgeaage tcaagetegt ccacgegege cgegtcegacyg acttcetcegag tatcccccac 300
aacatcccegg tcgagetcceg cgacgectee acctggttet actactacca gagtacctcee 360
agtcggatceg ggaaccgcta cgtattcagg caaccctttt gttggggtca ctcecttggge 420
caatgcatat tacgcctectg aagttagcag cctegctatt cctagettga ctggagecat 480
ggccactget gcagcagetg tcgcaaaggt tecctetttt atgtggetgt aggtectecce 540
ggaaccaagyg caatctgtta ctgaaggctc atcattcact gcagagatac tcttgacaag 600
acccctetea tggagcaaac cttggecgac atccgcacceyg ccaacaagaa tggcggtaac 660
tatgccggac agtttgtggt gtatgacttg ceggatcgeg attgegetge ccttgecteg 720
aatggcgaat actctattgc cgatggtgge gtegccaaat ataagaacta tatcgacacce 780
attcgtcaaa ttgtegtgga atattccgat atccggacce tectggttat tggtatgagt 840
ttaaacacct gcctecccce cecectteccet tecttteceg ceggecatcett gtegttgtge 900
taactattgt tccctettcee agagectgac tetettgeca acctggtgac caaccteggt 960
actccaaagt gtgccaatgc tcagtcagcce taccttgagt gcatcaacta cgccgtcaca 1020
cagctgaacc ttccaaatgt tgcgatgtat ttggacgctg geccatgcagg atggcettggce 1080
tggccggcaa accaagaccce ggccgctcag ctatttgcaa atgtttacaa gaatgcatcg 1140
tcteccgagag ctettegegyg attggcaacce aatgtcgeca actacaacgg gtggaacatt 1200
accagccccee catcgtacac gcaaggcaac getgtctaca acgagaagcet gtacatccac 1260
gctattggac gtcttecttge caatcacgge tggtccaacg ccttcttcat cactgatcaa 1320
ggtecgategyg gaaagcagcece taccggacag caacagtggg gagactggtg caatgtgatce 1380
ggcaccggat ttggtattcg cccatccgca aacactgggg actcgttget ggattcegttt 1440
gtectgggtea agecaggcegg cgagtgtgac ggcaccageg acagcagtgce gecacgattt 1500
gactcccact gtgecgctcecce agatgecttg caaccggcge ctcaagectgg tgcttggtte 1560
caagcctact ttgtgcagcect tcetcacaaac gcaaacccat cgttecctgta a 1611

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 34
H: 471
PRT

<213> ORGANISM: Trichoderma rees

<400> SEQUENCE: 34

Met Ile Val
1

Ala Ser Val

Gln Cys Gly
35

Ser Thr Cys
50

Ala Ala Ser
65

Val Ser Pro

Ser Thr Thr

Ser Gly Asn
115

Gly Ile Leu Thr Thr

Pro Leu Glu Glu Arg

20

Gly Gln Asn Trp Ser

40

Val Tyr Ser Asn Asp

55

Ser Ser Ser Ser Thr

70

Thr Thr Ser Arg Ser

85

Thr Arg Val Pro Pro

100

Pro Phe Val Gly Val

120

ei

Leu Ala Thr
10

Gln Ala Cys
25

Gly Pro Thr

Tyr Tyr Ser

Arg Ala Ala

75

Ser Ser Ala
90

Val Gly Ser
105

Thr Pro Trp

Leu Ala Thr

Ser Ser Val

Cys Cys Ala
45

Gln Cys Leu
60

Ser Thr Thr

Thr Pro Pro

Gly Thr Ala
110

Ala Asn Ala
125

Leu Ala
15

Trp Gly

Ser Gly

Pro Gly

Ser Arg
80

Pro Gly
95

Thr Tyr

Tyr Tyr
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117

-continued

118

Ala

Ala

145

Asp

Arg

Tyr

Tyr

Thr

225

Pro

Ala

Gly

Gln

305

Arg

Ser

Tyr

Ala

Gln

385

Ile

Trp

Pro

Pro

Asn
465

<210>
<211>
<212>
<213>
<400>
gecgtgacct tgegegettt gggtggeggt ggcgagtegt ggacggtget tgetggtege

cggecttece ggcegatcecge gtgatgagag ggecaccaac ggegggatga tgctccatgg

Ser

130

Thr

Thr

Thr

Asp

Ser

210

Ile

Ile

Lys

Val

His

290

Leu

Gly

Pro

Ile

Phe

370

Gln

Arg

Val

Arg

Gln

450

Ala

Glu

Ala

Leu

Ala

Leu

195

Ile

Arg

Glu

Cys

Thr

275

Ala

Phe

Leu

Pro

His

355

Phe

Gln

Pro

Lys

Phe

435

Ala

Asn

Val

Ala

Asp

Asn

180

Pro

Ala

Gln

Pro

Ala

260

Gln

Gly

Ala

Ala

Ser

340

Ala

Ile

Trp

Ser

Pro

420

Asp

Gly

Pro

SEQUENCE :

Ser

Ala

Lys

165

Lys

Asp

Asp

Ile

Asp

245

Asn

Leu

Trp

Asn

Thr

325

Tyr

Ile

Thr

Gly

Ala

405

Gly

Ser

Ala

Ser

SEQ ID NO 35
LENGTH:
TYPE: DNA
ORGANISM: Humicola insolens

2046

35

Ser

Ala

150

Thr

Asn

Arg

Gly

Val

230

Ser

Ala

Asn

Leu

Val

310

Asn

Thr

Gly

Asp

Asp

390

Asn

Gly

His

Trp

Phe
470

Leu Ala Ile Pro Ser Leu Thr Gly Ala
135 140

Val Ala Lys Val Pro Ser Phe Met Trp
155

Pro Leu Met Glu Gln Thr Leu Ala Asp
170 175

Gly Gly Asn Tyr Ala Gly Gln Phe Val
185 190

Asp Cys Ala Ala Leu Ala Ser Asn Gly
200 205

Gly Val Ala Lys Tyr Lys Asn Tyr Ile
215 220

Val Glu Tyr Ser Asp Ile Arg Thr Leu
235

Leu Ala Asn Leu Val Thr Asn Leu Gly
250 255

Gln Ser Ala Tyr Leu Glu Cys Ile Asn
265 270

Leu Pro Asn Val Ala Met Tyr Leu Asp
280 285

Gly Trp Pro Ala Asn Gln Asp Pro Ala
295 300

Tyr Lys Asn Ala Ser Ser Pro Arg Ala
315

Val Ala Asn Tyr Asn Gly Trp Asn Ile
330 335

Gln Gly Asn Ala Val Tyr Asn Glu Lys
345 350

Arg Leu Leu Ala Asn His Gly Trp Ser
360 365

Gln Gly Arg Ser Gly Lys Gln Pro Thr
375 380

Trp Cys Asn Val Ile Gly Thr Gly Phe
395

Thr Gly Asp Ser Leu Leu Asp Ser Phe
410 415

Glu Cys Asp Gly Thr Ser Asp Ser Ser
425 430

Cys Ala Leu Pro Asp Ala Leu Gln Pro
440 445

Phe Gln Ala Tyr Phe Val Gln Leu Leu
455 460

Leu

Met

Leu

160

Ile

Val

Glu

Asp

Leu

240

Thr

Tyr

Ala

Ala

Leu

320

Thr

Leu

Asn

Gly

Gly

400

Val

Ala

Ala

Thr
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120

-continued
ggaacttcee catggagaag agagagaaac ttgcggagcec gtgatctggg gaaagatget 180
cegtgteteg tetatataac tcgagtcetec cegagceccte aacaccacca gctctgatcet 240
caccatccee atcgacaatc acgcaaacac agcagttgte gggccattce ttcagacaca 300
tcagtcacce tccttcaaaa tgcgtaccge caagttcegece accctegecyg cccttgtgge 360
cteggecgee geccagecagg cgtgcagtet caccaccgag aggcaccctt ccctetettg 420
gaacaagtgce accgccggeg gccagtgcca gaccgtecag gettccatca ctetcgacte 480
caactggcege tggactcacc aggtgtectgg ctecaccaac tgctacacgyg gcaacaagtg 540
ggatactage atctgcactg atgccaagtc gtgcgetcag aactgcetgeg tegatggtge 600
cgactacacc agcacctatg gcatcaccac caacggtgat tccctgagece tcaagttegt 660
caccaagggce cagcactcga ccaacgtcgg ctegegtace tacctgatgg acggcgagga 720
caagtatcag agtacgttct atcttcagec ttetegegece ttgaatcctyg gctaacgttt 780
acacttcaca gccttecgage tcctceggecaa cgagttcace ttecgatgteg atgtctcecaa 840
catcggetge ggtctcaacg gegccctgta cttegtcetece atggacgecyg atggtggtcet 900
cagcegcetat cctggcaaca aggctggtge caagtacggt accggctact gcgatgetca 960
gtgceccecegt gacatcaagt tcatcaacgg cgaggccaac attgagggct ggaccggcetce 1020
caccaacgac cccaacgccg gcegcgggcecg ctatggtacce tgctgcectcectg agatggatat 1080
ctgggaagcce aacaacatgg ctactgectt cactcctcac ccttgcacca tcattggeca 1140
gagccgetyge gagggcgact cgtgeggtgg cacctacage aacgageget acgecggegt 1200
ctgcgaccce gatggctgeg acttcaactce gtaccgccag ggcaacaaga ccttctacgg 1260
caagggcatg accgtcgaca ccaccaagaa gatcactgte gtcacccagt tcctcaagga 1320
tgccaacggce gatctcggeg agatcaagcg cttcectacgtce caggatggca agatcatccce 1380
caactccgag tccaccatce ccggegtega gggcaattece atcacccagyg actggtgcga 1440
ccgccagaag gttgectttg gegacattga cgacttcaac cgcaagggcg gcatgaagca 1500
gatgggcaag gccctegecg gceccatggt cctggtcatg tecatctggg atgaccacge 1560
ctccaacatg ctctggcteg actcgacctt ccectgtegat geccgetggca agcccggegce 1620
cgagegeggt gectgeccga ccaccteggg tgtecctget gaggttgagyg ccgaggecce 1680
caacagcaac gtcgtcttcect ccaacatccg ctteggecce atcggctcga cegttgetgg 1740
tcteecegge gegggcaacg geggcaacaa cggeggcaac cccecgeccece ccaccaccac 1800
cacctecteg getecggeca ccaccaccac cgecageget ggecccaagyg ctggecgetg 1860
gcagcagtge ggcggcatcg gcttcactgg cccgacccag tgcgaggagce cctacatttg 1920
caccaagctc aacgactggt actctcagtg cctgtaaatt ctgagtcget gactcgacga 1980
tcacggccgg tttttgcatg aaaggaaaca aacgaccgcg ataaaaatgg agggtaatga 2040
gatgtce 2046

<210> SEQ ID NO 36
<211> LENGTH: 525

<212> TYPE:
<213> ORGANISM: Humicola insolens

PRT

<400> SEQUENCE: 36

Met Arg Thr Ala Lys Phe Ala Thr Leu Ala Ala Leu Val Ala Ser Ala

1

5

10

15

Ala Ala Gln Gln Ala Cys Ser Leu Thr Thr Glu Arg His Pro Ser Leu

20

25

30
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121

-continued

122

Ser

Ser

Ser

65

Asp

Thr

Phe

Leu

Glu

145

Gly

Tyr

Ala

Glu

Tyr

225

Ala

Cys

Gly

Asn

Ile

305

Glu

Glu

Cys

Lys

Leu
385
Asp

Gly

Ala

Trp

Ile

50

Thr

Ala

Ser

Val

Met

130

Phe

Ala

Pro

Gln

Gly

210

Gly

Thr

Glu

Val

Lys

290

Thr

Ile

Ser

Asp

Gly

370

Val

Ser

Ala

Pro

Asn

35

Thr

Asn

Lys

Thr

Thr

115

Asp

Thr

Leu

Gly

Cys

195

Trp

Thr

Ala

Gly

Cys

275

Thr

Val

Lys

Thr

Arg

355

Gly

Met

Thr

Cys

Asn
435

Lys

Leu

Cys

Ser

Tyr

100

Lys

Gly

Phe

Tyr

Asn

180

Pro

Thr

Cys

Phe

Asp

260

Asp

Phe

Val

Arg

Ile

340

Gln

Met

Ser

Phe

Pro

420

Ser

Cys

Asp

Tyr

Cys

85

Gly

Gly

Glu

Asp

Phe

165

Lys

Arg

Gly

Cys

Thr

245

Ser

Pro

Tyr

Thr

Phe

325

Pro

Lys

Lys

Ile

Pro
405

Thr

Asn

Thr

Ser

Thr

70

Ala

Ile

Gln

Asp

Val

150

Val

Ala

Asp

Ser

Ser

230

Pro

Cys

Asp

Gly

Gln

310

Tyr

Gly

Val

Gln

Trp

390

Val

Thr

Val

Ala Gly Gly Gln Cys Gln Thr Val Gln
Asn Trp Arg Trp Thr His Gln Val Ser
55 60

Gly Asn Lys Trp Asp Thr Ser Ile Cys
75

Gln Asn Cys Cys Val Asp Gly Ala Asp
90 95

Thr Thr Asn Gly Asp Ser Leu Ser Leu
105 110

His Ser Thr Asn Val Gly Ser Arg Thr
120 125

Lys Tyr Gln Thr Phe Glu Leu Leu Gly
135 140

Asp Val Ser Asn Ile Gly Cys Gly Leu
155

Ser Met Asp Ala Asp Gly Gly Leu Ser
170 175

Gly Ala Lys Tyr Gly Thr Gly Tyr Cys
185 190

Ile Lys Phe Ile Asn Gly Glu Ala Asn
200 205

Thr Asn Asp Pro Asn Ala Gly Ala Gly
215 220

Glu Met Asp Ile Trp Glu Ala Asn Asn
235

His Pro Cys Thr Ile Ile Gly Gln Ser
250 255

Gly Gly Thr Tyr Ser Asn Glu Arg Tyr
265 270

Gly Cys Asp Phe Asn Ser Tyr Arg Gln
280 285

Lys Gly Met Thr Val Asp Thr Thr Lys
295 300

Phe Leu Lys Asp Ala Asn Gly Asp Leu
315

Val Gln Asp Gly Lys Ile Ile Pro Asn
330 335

Val Glu Gly Asn Ser Ile Thr Gln Asp
345 350

Ala Phe Gly Asp Ile Asp Asp Phe Asn
360 365

Met Gly Lys Ala Leu Ala Gly Pro Met
375 380

Asp Asp His Ala Ser Asn Met Leu Trp
395

Asp Ala Ala Gly Lys Pro Gly Ala Glu
410 415

Ser Gly Val Pro Ala Glu Val Glu Ala
425 430

Val Phe Ser Asn Ile Arg Phe Gly Pro
440 445

Ala

Gly

Thr

80

Tyr

Lys

Tyr

Asn

Asn

160

Arg

Asp

Ile

Arg

Met

240

Arg

Ala

Gly

Lys

Gly

320

Ser

Trp

Arg

Val

Leu
400
Arg

Glu

Ile
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-continued

124

Gly Ser Thr
450

Gly Gly Asn
465

Thr Thr Thr

Cys Gly Gly

Ile Cys Thr
515

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Ala Gly Leu Pro

455

Pro Pro Pro Pro Thr
470

Thr Ala Ser Ala Gly

485

Ile Gly Phe Thr Gly

500

Lys Leu Asn Asp Trp

D NO 37
H: 1812
DNA

520

Gly Ala Gly
Thr Thr Thr
475

Pro Lys Ala
490

Pro Thr Gln
505

Tyr Ser Gln

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 37

atggccaaga

attgaggagc

gactttctca

aaatccagga

tcgacctgeg

agttccaaca

agcaccagga

gtgactagca

ggCgtCngC

agcatgaccg

tggctegace

getgccaata

ccttetegte

ccagcccaac

ggcgagtttt

cgcaagcaca

atggccaaca

cacgagttga

gacgceggece

tttgcecggea

gtcgccaact

aactacgacg

cecegeacget

ttcttttttt

tagtcttget

ttcgactcta

tggggtgact

ggccacgace

agetttteat

gccagaactyg

tcgagtaatg

ctcaatgegyg

ttgcgcagaa

ctcegtegte

geggecagete

ttceceggegy

tcttegecaa

gtactctgge

ggaacgtcac

atgcecggtge

ccccaccttt

ttgtegteta

cgattgcaaa

tcattgagta

tggtgaccaa

cegtgtacge

acgceggetyg

tctacaatga

acaacgccetyg

agaagcacta

tcattgtega

ttetetgtte

tcttetegga

tactcttggyg

ggtgcaatgt

tggtcgatge

caccgeegec

cggcgctgtg

gcataaggce

cggcaacggyg

cgagtggtac

gacttccace

ctecctectec

tgcgaccace

cgactactac

ggccaaggcet

catcgacacc

caatcctccee

cttgacggga

cgaccteeee

cggcggcgcec

ctcggacatce

catgaacgtyg

gctcaagcag

gCthgCtgg

cgceggcaag

gagtatcgcet

catcgaggec

cactggeege

cccteccecect

ccaaccttcec

aatgggcgec
caagggcact

ctttgtetgy

cttgeggetyg

tggtaagaaa

caccecetteg

tggcagggtc

tctecagtgee

tcgcagegea

accaccacgc

acggcgaget

aggtccgagg

tcegeegteg

ctgatggtee

tatgctggtyg

tcggttacct

gaccgtgact

gccaactaca

cggatcatce

gccaagtgcea

ctgaacctge

cccgceccaaca

ceggetgeeyg

teggeccegt

ttcagccege

aacggcaaac

tccectteag

cccaccececa

gaaactgacc

ggctttggcg

gtcaagcccyg

Asn Gly Gly
460

Ser Ser Ala

Gly Arg Trp

Cys Glu Glu

510

Cys Leu
525

cegtgttgge
geceggtetyg
actgactgtyg
ccacatgetyg
tgcccaacaa
gcagcagcac
ccectecegt
actctggcaa
tccacaatct
ccgaagtece
agactctgte
agttacatgg
gacctggagg
gegecgecge
ggagctacat
tggttatcga
gcaacgccge
ccaacgtege
tccagecege
tcegeggect
cgtacacgte
tcctgaacge
aacctaccgg
ttggcgteca

aaacgcaccg

gttegacagg
tgcgcccgac

geggegagte

Asn Asn
Pro Ala
480

Gln Gln
495

Pro Tyr

ggccceegte
agtttcccat
agaatcgatc
cgecteggge
tcaggtgacyg
ctccagcage
ctccagecce
ccecttetey
cgccattect
tagcttccag
ccagatcegyg
cggegacttyg
caaaacaaaa
tgcgtccaac
cgacgcetate
gecegacteg
gtcgacgtac
catgtatctce
cgcecgaccty
ggccactaac

ccctaaccect

ggceggette

tatggttttt

caaggtctet

cccacaaccg

ccaacaacag

ggccaacacg

cgacggcaca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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agcgacacca gcgecgeccg ctacgactac cactgeggece tgtecgatge cctgcagect 1740
gcteeggagyg ctggacagtg gttceccaggece tacttcgage agectgctcac caacgccaac 1800
ccgcecttet aa 1812
<210> SEQ ID NO 38

<211> LENGTH: 482

<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 38

Met Ala Lys Lys Leu Phe Ile Thr Ala Ala Leu Ala Ala Ala Val Leu
1 5 10 15

Ala Ala Pro Val Ile Glu Glu Arg Gln Asn Cys Gly Ala Val Trp Thr
20 25 30

Gln Cys Gly Gly Asn Gly Trp Gln Gly Pro Thr Cys Cys Ala Ser Gly
35 40 45

Ser Thr Cys Val Ala Gln Asn Glu Trp Tyr Ser Gln Cys Leu Pro Asn
50 55 60

Asn Gln Val Thr Ser Ser Asn Thr Pro Ser Ser Thr Ser Thr Ser Gln
65 70 75 80

Arg Ser Ser Ser Thr Ser Ser Ser Ser Thr Arg Ser Gly Ser Ser Ser
85 90 95

Ser Ser Thr Thr Thr Pro Pro Pro Val Ser Ser Pro Val Thr Ser Ile
100 105 110

Pro Gly Gly Ala Thr Thr Thr Ala Ser Tyr Ser Gly Asn Pro Phe Ser
115 120 125

Gly Val Arg Leu Phe Ala Asn Asp Tyr Tyr Arg Ser Glu Val His Asn
130 135 140

Leu Ala Ile Pro Ser Met Thr Gly Thr Leu Ala Ala Lys Ala Ser Ala
145 150 155 160

Val Ala Glu Val Pro Ser Phe Gln Trp Leu Asp Arg Asn Val Thr Ile
165 170 175

Asp Thr Leu Met Val Gln Thr Leu Ser Gln Ile Arg Ala Ala Asn Asn
180 185 190

Ala Gly Ala Asn Pro Pro Tyr Ala Ala Gln Leu Val Val Tyr Asp Leu
195 200 205

Pro Asp Arg Asp Cys Ala Ala Ala Ala Ser Asn Gly Glu Phe Ser Ile
210 215 220

Ala Asn Gly Gly Ala Ala Asn Tyr Arg Ser Tyr Ile Asp Ala Ile Arg
225 230 235 240

Lys His Ile Ile Glu Tyr Ser Asp Ile Arg Ile Ile Leu Val Ile Glu
245 250 255

Pro Asp Ser Met Ala Asn Met Val Thr Asn Met Asn Val Ala Lys Cys
260 265 270

Ser Asn Ala Ala Ser Thr Tyr His Glu Leu Thr Val Tyr Ala Leu Lys
275 280 285

Gln Leu Asn Leu Pro Asn Val Ala Met Tyr Leu Asp Ala Gly His Ala
290 295 300

Gly Trp Leu Gly Trp Pro Ala Asn Ile Gln Pro Ala Ala Asp Leu Phe
305 310 315 320

Ala Gly Ile Tyr Asn Asp Ala Gly Lys Pro Ala Ala Val Arg Gly Leu
325 330 335

Ala Thr Asn Val Ala Asn Tyr Asn Ala Trp Ser Ile Ala Ser Ala Pro
340 345 350
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Ser Tyr Thr Ser Pro Asn Pro Asn Tyr Asp Glu Lys His Tyr Ile Glu
355 360 365

Ala Phe Ser Pro Leu Leu Asn Ala Ala Gly Phe Pro Ala Arg Phe Ile
370 375 380

Val Asp Thr Gly Arg Asn Gly Lys Gln Pro Thr Gly Gln Gln Gln Trp
385 390 395 400

Gly Asp Trp Cys Asn Val Lys Gly Thr Gly Phe Gly Val Arg Pro Thr
405 410 415

Ala Asn Thr Gly His Asp Leu Val Asp Ala Phe Val Trp Val Lys Pro
420 425 430

Gly Gly Glu Ser Asp Gly Thr Ser Asp Thr Ser Ala Ala Arg Tyr Asp
435 440 445

Tyr His Cys Gly Leu Ser Asp Ala Leu Gln Pro Ala Pro Glu Ala Gly
450 455 460

Gln Trp Phe Gln Ala Tyr Phe Glu Gln Leu Leu Thr Asn Ala Asn Pro
465 470 475 480

Pro Phe

<210> SEQ ID NO 39
<211> LENGTH: 1802
<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 39

atggccaaga agcttttecat caccgecgeg cttgeggetg cegtgttgge ggecccegte 60
attgaggagc gccagaactg cggegetgtg tggtaagaaa geceggtecg agtctcccat 120
gattttcteg tcgagtaatg gcataaggge cacccectteg actgaccgtyg agaatcgatc 180
aaatccagga ctcaatgegg cggtaacggg tggcaaggte ccacatgetg cgecteggge 240
tcgacctgeg ttgcgcagaa cgagtggtac tctcagtgec tgcccaacag ccaggtgacg 300
agttccacca cteegtegte gacttecace tegecagegea gecaccageac ctcecagcage 360
accaccagga gcggcagete ctectectee tecaccacge cecegecegt ctecageccce 420
gtgaccagca ttcceggegg tgcgacctee acggcegaget actctggcaa ccectteteg 480
ggegteegge tettegecaa cgactactac aggtccgagg tccacaatct cgecattect 540
agcatgactyg gtactctgge ggccaaggcet tcegecgteg cegaagtece tagettcecag 600
tggctegace ggaacgtcac catcgacace ctgatggtec agactetgte ccaggtceegg 660
getctcaata aggceggtge caatcctecce tatgetggtg agttacatgg cgacttgect 720
tctegtecce tacctttett gacgggateg gttacctgac ctggaggcaa aacaacaaca 780
geccaacteg tegtctacga cctecccgac cgtgactgtg cegecgetge gtecaacgge 840
gagttttcga ttgcaaacgg cggcgecgee aactacagga gctacatcga cgetateege 900
aagcacatca ttgagtactc ggacatcegg atcatcetgg ttatcgagee cgactcgatg 960

gccaacatgg tgaccaacat gaacgtggcece aagtgcagca acgccgegtce gacgtaccac 1020

gagttgaccg tgtacgcgct caagcagctg aacctgccca acgtcgccat gtatctcgac 1080

gecggecacyg ceggetgget cggetggece gecaacatce ageccgecge cgagetgttt 1140

gecggeatcet acaatgatge cggcaagccg getgccgtee geggectgge cactaacgte 1200

gccaactaca acgcctggag catcgctteg geccegtegt acacgtcgec taaccctaac 1260

tacgacgaga agcactacat cgaggccttce agcccgcetet tgaactcgge cggcecttceccce 1320
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gcacgcttceca ttgtcgacac tggccgcaac ggcaaacaac ctaccggtat gttttttttt 1380
cttttgtecte tgtceccceee ttttetecce cttcagttgg cgtccacaag gtcectcettagt 1440
cctgcttecat ctgtgaccaa cctceccceccce cceggcaccg cccacaaccg tttgactceta 1500
tactcttggg aatgggcgcec gaaactgacce gttceccacagg ccaacaacag tggggtgact 1560
ggtgcaatgt caagggcacc ggctttggeg tgcgcccgac ggccaacacg ggcecacgage 1620
tggtcgatge ctttgtctgg gtcaagecccg gcggcgagtce cgacggcaca agcgacacca 1680
gegecgeceyg ctacgactac cactgeggece tgtccgatge cctgcagect geccccgagyg 1740
ctggacagtg gttccaggcc tacttcgagce agctgctcac caacgccaac ccgeccttet 1800
aa 1802

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 40
H: 481
PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 40

Met Ala Lys
1

Ala Ala Pro
Gln Cys Gly
35

Ser Thr Cys
50

Ser Gln Val
65

Arg Ser Thr

Ser Ser Ser

Pro Gly Gly

115

Gly Val Arg
130

Leu Ala Ile
145

Val Ala Glu

Asp Thr Leu

Ala Gly Ala
195

Pro Asp Arg
210

Ala Asn Gly
225

Lys His Ile

Pro Asp Ser

Ser Asn Ala
275

Lys Leu Phe Ile Thr

Val Ile Glu Glu Arg

20

Gly Asn Gly Trp Gln

40

Val Ala Gln Asn Glu

55

Thr Ser Ser Thr Thr

70

Ser Thr Ser Ser Ser

85

Thr Thr Pro Pro Pro

100

Ala Thr Ser Thr Ala

120

Leu Phe Ala Asn Asp

135

Pro Ser Met Thr Gly
150

Val Pro Ser Phe Gln

165

Met Val Gln Thr Leu

180

Asn Pro Pro Tyr Ala

200

Asp Cys Ala Ala Ala

215

Gly Ala Ala Asn Tyr
230

Ile Glu Tyr Ser Asp

245

Met Ala Asn Met Val

260

Ala Ser Thr Tyr His

280

Ala Ala Leu
10

Gln Asn Cys
25

Gly Pro Thr

Trp Tyr Ser

Pro Ser Ser

75

Thr Thr Arg
90

Val Ser Ser
105

Ser Tyr Ser

Tyr Tyr Arg

Thr Leu Ala

155

Trp Leu Asp
170

Ser Gln Val
185

Ala Gln Leu

Ala Ser Asn

Arg Ser Tyr

235

Ile Arg Ile
250

Thr Asn Met
265

Glu Leu Thr

Ala Ala Ala
Gly Ala Val
30

Cys Cys Ala
45

Gln Cys Leu
60

Thr Ser Thr

Ser Gly Ser

Pro Val Thr
110

Gly Asn Pro
125

Ser Glu Val
140

Ala Lys Ala

Arg Asn Val

Arg Ala Leu
190

Val Val Tyr
205

Gly Glu Phe
220

Ile Asp Ala

Ile Leu Val

Asn Val Ala
270

Val Tyr Ala
285

Val Leu
15

Trp Thr

Ser Gly

Pro Asn

Ser Gln
80

Ser Ser
95

Ser Ile

Phe Ser

His Asn

Ser Ala
160

Thr Ile
175

Asn Lys

Asp Leu

Ser Ile

Ile Arg
240

Ile Glu
255

Lys Cys

Leu Lys
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Gln Leu Asn Leu Pro Asn Val Ala Met Tyr Leu Asp Ala Gly His Ala
290 295 300

Gly Trp Leu Gly Trp Pro Ala Asn Ile Gln Pro Ala Ala Glu Leu Phe
305 310 315 320

Ala Gly Ile Tyr Asn Asp Ala Gly Lys Pro Ala Ala Val Arg Gly Leu
325 330 335

Ala Thr Asn Val Ala Asn Tyr Asn Ala Trp Ser Ile Ala Ser Ala Pro
340 345 350

Ser Tyr Thr Ser Pro Asn Pro Asn Tyr Asp Glu Lys His Tyr Ile Glu
355 360 365

Ala Phe Ser Pro Leu Leu Asn Ser Ala Gly Phe Pro Ala Arg Phe Ile
370 375 380

Val Asp Thr Gly Arg Asn Gly Lys Gln Pro Thr Gly Gln Gln Gln Trp
385 390 395 400

Gly Asp Trp Cys Asn Val Lys Gly Thr Gly Phe Gly Val Arg Pro Thr
405 410 415

Ala Asn Thr Gly His Glu Leu Val Asp Ala Phe Val Trp Val Lys Pro
420 425 430

Gly Gly Glu Ser Asp Gly Thr Ser Asp Thr Ser Ala Ala Arg Tyr Asp
435 440 445

Tyr His Cys Gly Leu Ser Asp Ala Leu Gln Pro Ala Pro Glu Ala Gly
450 455 460

Gln Trp Phe Gln Ala Tyr Phe Glu Gln Leu Leu Thr Asn Ala Asn Pro
465 470 475 480

Pro

<210> SEQ ID NO 41
<211> LENGTH: 1446
<212> TYPE: DNA

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 41

atggctcaga agctecttet cgecgecgee cttgeggeca gegecctege tgetcecegte 60
gtcgaggage gccagaactg cggttecgte tggagccaat geggeggeat tggetggtec 120
ggcgcgacct getgegette gggcaatace tgcegttgage tgaacccgta ctactegeag 180
tgcctgecca acagecaggt gactaccteg accagcaaga ccacctccac caccaccagg 240
agcagcacca ccagccacag cagcggtece accagcacga gcaccaccac caccagcagt 300
ccegtggtea ctaccecegee gagtacctee atcceeggeg gtgectegte aacggecage 360
tggtceggea accegttete gggegtgeag atgtgggeca acgactacta cgectccgag 420
gtctegtege tggccatcee cagcatgacyg ggegecatgg ccaccaaggce ggecgaggtyg 480
gccaaggtge ccagettcca gtggettgac cgcaacgtca ccatcgacac getgttegec 540
cacacgctgt cgcagatceg cgecggecaac cagaaaggeg ccaacccgece ctacgeggge 600
atcttegtgg tctacgacct teecggacege gactgegeeg cegecgegte caacggcegag 660
ttctecateg cgaacaacgg ggcggcecaac tacaagacgt acatcgacge gatccggage 720
ctcgtcatce agtactcaga catccgeate atcttegtea tegagecega ctegetggece 780
aacatggtga ccaacctgaa cgtggccaag tgegecaacg cegagtcgac ctacaaggag 840
ttgaccgtcet acgcgetgea geagetgaac ctgeccaacg tggecatgta cctggacgece 900

ggccacgecyg getggetegg ctggeccegee aacatccage cggecgecaa cctettegec 960
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134

gagatctaca

aactacaacg

gacgagagcce

cacttcatca

gactggtgca

gacatcgagg

acgacctete

gaggcecggcea

ttttaa

<210>
<211>
<212>
<213>

<400>

cgagegeegyg
getggagect
actacgtcca
ccgacaccgg
acgttatcgg
acgecttegt
ccegetacga

cttggtteca

PRT

SEQUENCE :

Met Ala Gln Lys

1

Ala

Gln

Asn

Ser

65

Ser

Thr

Gly

Ala

145

Ala

Thr

Gly

Asp

Asn

225

Leu

Asp

Asn

Ala

Cys

Thr

50

Gln

Ser

Thr

Gly

Gln

130

Ile

Lys

Leu

Ala

Arg

210

Asn

Val

Ser

Ala

Pro

Gly

35

Cys

Val

Thr

Ser

Ala

115

Met

Pro

Val

Phe

Asn

195

Asp

Gly

Ile

Leu

Glu
275

Val

20

Gly

Val

Thr

Thr

Ser

100

Ser

Trp

Ser

Pro

Ala

180

Pro

Cys

Ala

Gln

Ala
260

Ser

SEQ ID NO 42
LENGTH:
TYPE:
ORGANISM: Thielavia terrestris

481

42

Leu Leu

Val Glu

Ile Gly

Glu Leu

Thr Ser
70

Ser His
85

Pro Val

Ser Thr

Ala Asn

Met Thr
150

Ser Phe
165

His Thr

Pro Tyr

Ala Ala

Ala Asn
230

Tyr Ser
245

Asn Met

Thr Tyr

Leu

Glu

Trp

Asn

55

Thr

Ser

Val

Ala

Asp

135

Gly

Gln

Leu

Ala

Ala

215

Tyr

Asp

Val

Lys

caagceggec

ggccacgecyg

ggcectegee

ccgcaacgge

aactggcette

ctgggtcaag

ctaccactge

ggcctactte

Ala

Arg

Ser

40

Pro

Ser

Ser

Thr

Ser

120

Tyr

Ala

Trp

Ser

Gly

200

Ala

Lys

Ile

Thr

Glu
280

geegtgegeg

ccctegtaca

cegetgetea

aagcagccga

ggCgthgCC

ccecggceggeyg

ggCCtgthg

gagcagctee

Ala

Gln

25

Gly

Tyr

Lys

Gly

Thr

105

Trp

Tyr

Met

Leu

Gln

185

Ile

Ser

Thr

Arg

Asn
265

Leu

Ala

10

Asn

Ala

Tyr

Thr

Pro

90

Pro

Ser

Ala

Ala

Asp

170

Ile

Phe

Asn

Tyr

Ile
250

Leu

Thr

Leu

Cys

Thr

Ser

Thr

75

Thr

Pro

Gly

Ser

Thr

155

Arg

Arg

Val

Gly

Ile
235
Ile

Asn

Val

gectegecace caacgtggece

cccagggega ccccaactac

cecgecaacgg ctteccegee

ccggacaacyg gcaatgggga

cgacgacaaa caccggecte

agtgcgacgg cacgagcaac

acgcgetgea gectgeteceg

tgaccaacgc caacccgecc

Ala

Gly

Cys

Gln

60

Ser

Ser

Ser

Asn

Glu

140

Lys

Asn

Ala

Val

Glu

220

Asp

Phe

Val

Tyr

Ala

Ser

Cys

45

Cys

Thr

Thr

Thr

Pro

125

Val

Ala

Val

Ala

Tyr

205

Phe

Ala

Val

Ala

Ala
285

Ser Ala Leu
15

Val Trp Ser
30

Ala Ser Gly

Leu Pro Asn

Thr Thr Arg

80

Ser Thr Thr
95

Ser Ile Pro
110

Phe Ser Gly

Ser Ser Leu

Ala Glu Val
160

Thr Ile Asp
175

Asn Gln Lys
190

Asp Leu Pro

Ser Ile Ala
Ile Arg Ser
240

Ile Glu Pro
255

Lys Cys Ala
270

Leu Gln Gln

1020

1080

1140

1200

1260

1320

1380

1440

1446
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Leu Asn Leu Pro Asn Val Ala Met Tyr Leu Asp Ala Gly His Ala Gly
290 295 300

Trp Leu Gly Trp Pro Ala Asn Ile Gln Pro Ala Ala Asn Leu Phe Ala
305 310 315 320

Glu Ile Tyr Thr Ser Ala Gly Lys Pro Ala Ala Val Arg Gly Leu Ala
325 330 335

Thr Asn Val Ala Asn Tyr Asn Gly Trp Ser Leu Ala Thr Pro Pro Ser
340 345 350

Tyr Thr Gln Gly Asp Pro Asn Tyr Asp Glu Ser His Tyr Val Gln Ala
355 360 365

Leu Ala Pro Leu Leu Thr Ala Asn Gly Phe Pro Ala His Phe Ile Thr
370 375 380

Asp Thr Gly Arg Asn Gly Lys Gln Pro Thr Gly Gln Arg Gln Trp Gly
385 390 395 400

Asp Trp Cys Asn Val Ile Gly Thr Gly Phe Gly Val Arg Pro Thr Thr
405 410 415

Asn Thr Gly Leu Asp Ile Glu Asp Ala Phe Val Trp Val Lys Pro Gly
420 425 430

Gly Glu Cys Asp Gly Thr Ser Asn Thr Thr Ser Pro Arg Tyr Asp Tyr
435 440 445

His Cys Gly Leu Ser Asp Ala Leu Gln Pro Ala Pro Glu Ala Gly Thr
450 455 460

Trp Phe Gln Ala Tyr Phe Glu Gln Leu Leu Thr Asn Ala Asn Pro Pro
465 470 475 480

Phe

<210> SEQ ID NO 43
<211> LENGTH: 1593
<212> TYPE: DNA

<213> ORGANISM: Chaetomium thermophilum

<400> SEQUENCE: 43

atgatgtaca agaagttcge cgctctegee geectegtgg ctggegeege cgeccageag 60
gettgetece tcaccactga gacccaccce agactcactt ggaagegetyg cacctetgge 120
ggcaactgct cgaccgtgaa cggegecgte accatcgatg ccaactggeg ctggactcac 180
actgtttceg gctcgaccaa ctgctacace ggcaacgagt gggataccte catctgetcet 240
gatggcaaga gctgegecca gacctgetge gtcegacggeg ctgactacte ttegacctat 300
ggtatcacca ccagcggtga ctcectgaac ctcaagtteg tcaccaagca ccagcacgge 360
accaatgtcg gctctegtgt ctacctgatg gagaacgaca ccaagtacca gatgttcgag 420
ctcecteggea acgagttcac cttegatgte gatgtctceta acctgggetyg cggtctcaac 480
ggcgeectet acttegtete catggacget gatggtggta tgagcaagta ctetggeaac 540
aaggctggeg ccaagtacgg taccggctac tgegatgete agtgcccgeg cgaccttaag 600
ttcatcaacg gcgaggccaa cattgagaac tggaccectt cgaccaatga tgccaacgece 660
ggttteggee getatggcag ctgetgetet gagatggata tetgggatge caacaacatg 720
getactgect tcactcctca cecttgecace attatcggee agagecgetyg cgagggceaac 780
agctgeggtyg gcacctacag ctectgagege tatgetggtg tttgegatce tgatggetge 840
gacttcaacg cctaccgcca gggcgacaag accttctacg gcaagggcat gaccgtegac 900

accaccaaga agatgaccgt cgtcacccag ttecacaaga acteggetgg cgtcectcage 960
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gagatcaagc gcttctacgt tcaggacggc aagatcattg ccaacgccga gtccaagatce 1020
cceggeaace ccggcaacte catcacccag gagtggtgeg atgeccagaa ggtcegectte 1080
ggtgacatcg atgacttcaa ccgcaagggc ggtatggctce agatgagcaa ggccctcgag 1140
ggcectatgg tectggtcat gteegtetgg gatgaccact acgccaacat gctectggetce 1200
gactcgacct accccattga caaggecgge acccceggeg cegagegegg tgettgeeeg 1260
accaccteceg gtgteccctge cgagattgag gcccaggtcecce ccaacagcaa cgttatctte 1320
tccaacatce getteggece catcggeteg accgtcecctyg gectegacgyg cagcacccce 1380
agcaacccga ccgccaccegt tgctcectece acttctacca ccaccagegt gagaagcagce 1440
actactcaga tttccaccce gactagecag ceeggegget gcaccaccca gaagtgggge 1500
cagtgcggtg gtatcggcta caccggctgce actaactgeg ttgctggcac tacctgcact 1560
gagctcaacc cctggtacag ccagtgcectg taa 1593

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 44
H: 530
PRT

<213> ORGANISM: Chaetomium thermophilum

<400> SEQUENCE: 44

Met Met Tyr
1

Ala Ala Gln
Thr Trp Lys
35

Ala Val Thr
50

Ser Thr Asn
65

Asp Gly Lys

Ser Ser Thr

Phe Val Thr
115

Leu Met Glu
130

Glu Phe Thr
145

Gly Ala Leu

Tyr Ser Gly

Ala Gln Cys
195

Glu Asn Trp
210

Tyr Gly Ser
225

Ala Thr Ala

Cys Glu Gly

Lys Lys Phe Ala Ala

5

Gln Ala Cys Ser Leu

20

Arg Cys Thr Ser Gly

Ile Asp Ala Asn Trp

55

Cys Tyr Thr Gly Asn

70

Ser Cys Ala Gln Thr

85

Tyr Gly Ile Thr Thr

100

Lys His Gln His Gly

120

Asn Asp Thr Lys Tyr

135

Phe Asp Val Asp Val
150

Tyr Phe Val Ser Met

165

Asn Lys Ala Gly Ala

180

Pro Arg Asp Leu Lys

200

Thr Pro Ser Thr Asn

215

Cys Cys Ser Glu Met
230

Phe Thr Pro His Pro

245

Asn Ser Cys Gly Gly

Leu Ala Ala
10

Thr Thr Glu
25

Gly Asn Cys

Arg Trp Thr

Glu Trp Asp

75

Cys Cys Val
90

Ser Gly Asp
105

Thr Asn Val

Gln Met Phe

Ser Asn Leu
155

Asp Ala Asp
170

Lys Tyr Gly
185

Phe Ile Asn

Asp Ala Asn

Asp Ile Trp
235

Cys Thr Ile
250

Thr Tyr Ser

Leu Val Ala
Thr His Pro
30

Ser Thr Val
45

His Thr Val
60

Thr Ser Ile

Asp Gly Ala

Ser Leu Asn
110

Gly Ser Arg
125

Glu Leu Leu
140

Gly Cys Gly

Gly Gly Met

Thr Gly Tyr
190

Gly Glu Ala
205

Ala Gly Phe
220
Asp Ala Asn

Ile Gly Gln

Ser Glu Arg

Gly Ala
15

Arg Leu

Asn Gly

Ser Gly

Cys Ser
80

Asp Tyr
95

Leu Lys

Val Tyr

Gly Asn

Leu Asn
160

Ser Lys
175

Cys Asp

Asn Ile

Gly Arg

Asn Met
240

Ser Arg
255

Tyr Ala
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260 265 270

Gly Val Cys Asp Pro Asp Gly Cys Asp Phe Asn Ala Tyr Arg Gln Gly
275 280 285

Asp Lys Thr Phe Tyr Gly Lys Gly Met Thr Val Asp Thr Thr Lys Lys
290 295 300

Met Thr Val Val Thr Gln Phe His Lys Asn Ser Ala Gly Val Leu Ser
305 310 315 320

Glu Ile Lys Arg Phe Tyr Val Gln Asp Gly Lys Ile Ile Ala Asn Ala
325 330 335

Glu Ser Lys Ile Pro Gly Asn Pro Gly Asn Ser Ile Thr Gln Glu Trp
340 345 350

Cys Asp Ala Gln Lys Val Ala Phe Gly Asp Ile Asp Asp Phe Asn Arg
355 360 365

Lys Gly Gly Met Ala Gln Met Ser Lys Ala Leu Glu Gly Pro Met Val
370 375 380

Leu Val Met Ser Val Trp Asp Asp His Tyr Ala Asn Met Leu Trp Leu
385 390 395 400

Asp Ser Thr Tyr Pro Ile Asp Lys Ala Gly Thr Pro Gly Ala Glu Arg
405 410 415

Gly Ala Cys Pro Thr Thr Ser Gly Val Pro Ala Glu Ile Glu Ala Gln
420 425 430

Val Pro Asn Ser Asn Val Ile Phe Ser Asn Ile Arg Phe Gly Pro Ile
435 440 445

Gly Ser Thr Val Pro Gly Leu Asp Gly Ser Thr Pro Ser Asn Pro Thr
450 455 460

Ala Thr Val Ala Pro Pro Thr Ser Thr Thr Thr Ser Val Arg Ser Ser
465 470 475 480

Thr Thr Gln Ile Ser Thr Pro Thr Ser Gln Pro Gly Gly Cys Thr Thr
485 490 495

Gln Lys Trp Gly Gln Cys Gly Gly Ile Gly Tyr Thr Gly Cys Thr Asn
500 505 510

Cys Val Ala Gly Thr Thr Cys Thr Glu Leu Asn Pro Trp Tyr Ser Gln
515 520 525

Cys Leu
530

<210> SEQ ID NO 45

<211> LENGTH: 1434

<212> TYPE: DNA

<213> ORGANISM: Chaetomium thermophilum

<400> SEQUENCE: 45

atggctaage agctgetget cactgecget cttgeggeca cttegetgge tgeccctete 60
cttgaggage gccagagetg ctecteegte tggggtcaat geggtggeat caattacaac 120
ggcccgacct getgecagte cggcagtgtt tgcacttacce tgaatgactyg gtacagecag 180
tgcattcceg gtcaggctca geccggeacg actagcacca cggeteggac caccagcace 240
agcaccacca gcacttegte ggtccgeceg accacctega ataccectgt gacgactget 300
ccecccgacga ccaccateee gggeggegee tcgagcacgg ccagctacaa cggcaaccceg 360
ttttcgggtyg ttcaactttg ggccaacace tactactegt cegaggtgca cactttggece 420
atccccaget tgtctectga getggetgee aaggecgeca aggtcegetga ggttceccage 480

ttccagtgge tcgaccgcaa tgtgactgtt gacactetet tetecggeac tcettgccgaa 540
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atccgegeceg ccaaccagceg cggtgccaac cegecttatg ceggecatttt cgtggtttat 600
gacttaccag accgtgattg cgcggcetget gettcgaacyg gegagtggtce tatcgccaac 660
aatggtgcca acaactacaa gcgctacatc gaccggatce gtgagctect tatccagtac 720
tcecgatatcee gcactattcet ggtcattgaa cctgattcecee tggccaacat ggtcaccaac 780
atgaacgtce agaagtgctc gaacgctgece tecacttaca aggagcttac tgtctatgece 840
ctcaaacagce tcaatcttcce tcacgttgec atgtacatgg atgctggeca cgcetggetgg 900
cttggetgge ccgccaacat ccagectget getgagetet ttgctcaaat ctaccgegac 960
gctggcagge ccgcetgetgt ccgeggtett gecgaccaacg ttgccaacta caatgcettgg 1020
tcgatcgeca gecctcecgte ctacacctcet cctaacccga actacgacga gaagcactat 1080
attgaggcct ttgctcctet tetceccgcaac cagggctteg acgcaaagtt catcgtcegac 1140
accggecegta acggcaagca gcccactggce cagcttgaat ggggtcactg gtgcaatgtce 1200
aagggaactg gctteggtgt gegccctact gctaacactg ggcatgaact tgttgatget 1260
ttegtgtggg tcaagccegyg tggcgagtce gacggcacca gtgcggacac cagcgctgcet 1320
cgttatgact atcactgcgg cctttcecgac gcactgactce cggcgcectga ggctggccaa 1380
tggttccagg cttatttcga acagctgctce atcaatgcca acccteccget ctga 1434

<210> SEQ ID NO 46
<211> LENGTH: 477

<212> TYPE

PRT

<213> ORGANISM: Chaetomium thermophilum

<400> SEQUENCE: 46

Met Ala Lys Gln Leu Leu Leu Thr

1

Ala Ala Pro

Leu Leu Glu Glu Arg

20

Gln Cys Gly Gly Ile Asn Tyr Asn

35

Ser Val Cys

40

Thr Tyr Leu Asn Asp

55

Gln Ala Gln Pro Gly Thr Thr Ser

65

Ser Thr Thr

Val Thr Thr

Thr Ala Ser

115

Asn Thr Tyr

130

70

Ser Thr Ser Ser Val

85

Ala Pro Pro Thr Thr

100

Tyr Asn Gly Asn Pro

120

Tyr Ser Ser Glu Val

135

Ser Pro Glu Leu Ala Ala Lys Ala
150

145

Phe Gln Trp

Thr Leu Ala

Leu Asp Arg Asn Val

165

Glu Ile Arg Ala Ala

180

Tyr Ala Gly Ile Phe Val Val Tyr

195

Ala Ala Ala

210

200

Ser Asn Gly Glu Trp

215

Ala

Gln

25

Gly

Trp

Thr

Arg

Thr

105

Phe

His

Ala

Thr

Asn
185

Asp

Ser

Ala

10

Ser

Pro

Tyr

Thr

Pro

90

Ile

Ser

Thr

Lys

Val

170

Gln

Leu

Ile

Leu

Cys

Thr

Ser

Ala

75

Thr

Pro

Gly

Leu

Val

155

Asp

Arg

Pro

Ala

Ala Ala Thr

Ser Ser Val

30

Ser Leu
15

Trp Gly

Cys Cys Gln Ser Gly

45

Gln Cys Ile

60

Arg Thr Thr

Pro Gly

Ser Thr
80

Thr Ser Asn Thr Pro

Gly Gly Ala
110

95

Ser Ser

Val Gln Leu Trp Ala

125

Ala Ile Pro

140

Ala Glu Val

Thr Leu Phe

Ser Leu

Pro Ser
160

Ser Gly
175

Gly Ala Asn Pro Pro

190

Asp Arg Asp

205

Cys Ala

Asn Asn Gly Ala Asn

220
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Asn Tyr Lys Arg Tyr Ile Asp Arg Ile Arg Glu Leu Leu Ile Gln Tyr
225 230 235 240

Ser Asp Ile Arg Thr Ile Leu Val Ile Glu Pro Asp Ser Leu Ala Asn
245 250 255

Met Val Thr Asn Met Asn Val Gln Lys Cys Ser Asn Ala Ala Ser Thr
260 265 270

Tyr Lys Glu Leu Thr Val Tyr Ala Leu Lys Gln Leu Asn Leu Pro His
275 280 285

Val Ala Met Tyr Met Asp Ala Gly His Ala Gly Trp Leu Gly Trp Pro
290 295 300

Ala Asn Ile Gln Pro Ala Ala Glu Leu Phe Ala Gln Ile Tyr Arg Asp
305 310 315 320

Ala Gly Arg Pro Ala Ala Val Arg Gly Leu Ala Thr Asn Val Ala Asn
325 330 335

Tyr Asn Ala Trp Ser Ile Ala Ser Pro Pro Ser Tyr Thr Ser Pro Asn
340 345 350

Pro Asn Tyr Asp Glu Lys His Tyr Ile Glu Ala Phe Ala Pro Leu Leu
355 360 365

Arg Asn Gln Gly Phe Asp Ala Lys Phe Ile Val Asp Thr Gly Arg Asn
370 375 380

Gly Lys Gln Pro Thr Gly Gln Leu Glu Trp Gly His Trp Cys Asn Val
385 390 395 400

Lys Gly Thr Gly Phe Gly Val Arg Pro Thr Ala Asn Thr Gly His Glu
405 410 415

Leu Val Asp Ala Phe Val Trp Val Lys Pro Gly Gly Glu Ser Asp Gly
420 425 430

Thr Ser Ala Asp Thr Ser Ala Ala Arg Tyr Asp Tyr His Cys Gly Leu
435 440 445

Ser Asp Ala Leu Thr Pro Ala Pro Glu Ala Gly Gln Trp Phe Gln Ala
450 455 460

Tyr Phe Glu Gln Leu Leu Ile Asn Ala Asn Pro Pro Leu
465 470 475

<210> SEQ ID NO 47

<211> LENGTH: 1599

<212> TYPE: DNA

<213> ORGANISM: Aspergillus fumigatus

<400> SEQUENCE: 47

atgctggect ccaccttete ctaccgeatg tacaagaceg cgctcatect ggecgecctt 60
ctgggetetyg gecaggetca geaggteggt actteccagg cggaagtgca tcegtcecatg 120
acctggcaga gctgcacgge tggeggcage tgcaccacca acaacggcaa ggtggtcate 180
gacgcgaact ggegttgggt gcacaaagtc ggcgactaca ccaactgcta caccggcaac 240
acctgggaca cgactatctg cectgacgat gegacctgeg catccaactg cgeccttgag 300
ggtgccaact acgaatccac ctatggtgtg accgccageg gcaattcect cegectcaac 360
ttcgtcacca ccagccagca gaagaacatt ggetegegte tgtacatgat gaaggacgac 420
tcgacctacyg agatgtttaa getgectgaac caggagtteca cettegatgt cgatgtctcece 480
aacctecect geggtetcaa cggtgetetyg tactttgteg cecatggacge cgacggtgge 540
atgtccaagt acccaaccaa caaggccggt gccaagtacg gtactggata ctgtgacteg 600

cagtgcecte gcgacctcaa gttcatcaac ggtcaggeca acgtcgaagg gtggcagecce 660
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tcctecaacyg atgccaatge gggtaccgge aaccacgggt cctgetgege ggagatggat 720
atctgggagg ccaacagcat ctccacggece ttcaccceee atccgtgega cacgeccgge 780
caggtgatgt gcaccggtga tgcctgeggt ggcacctaca gctcecgaccyg ctacggegge 840
acctgcgace ccgacggatg tgatttcaac tecttecgece agggcaacaa gaccttctac 900
ggeectggea tgaccgtcga caccaagagce aagtttaccg tegtcaccca gttcatcacce 960
gacgacggca cctccagegg caccctcaag gagatcaage gettctacgt gcagaacgge 1020
aaggtgatce ccaactcgga gtcgacctgg accggcegtcea geggcaactce catcaccace 1080
gagtactgca ccgceccagaa gagectgttce caggaccaga acgtcttcga aaagcacggce 1140
ggcctcgagyg gcatgggtge tgccctegece cagggtatgg ttcectcegtcat gtecectgtgg 1200
gatgatcact cggccaacat gctcectggctce gacagcaact acccgaccac tgcctcttece 1260
accactcceg gegtegeeceg tggtacctge gacatctect cecggegtceece tgcggatgte 1320
gaggcgaacce accccgacge ctacgtegte tactccaaca tcaaggtcegg ccccatcgge 1380
tcgacctteca acageggtgg ctcgaaccee ggtggcggaa ccaccacgac aactaccace 1440
cagcctacta ccaccacgac cacggctgga aaccctggeg gcaccggagt cgcacagcac 1500
tatggccagt gtggtggaat cggatggacc ggacccacaa cctgtgccag cccttatacce 1560
tgccagaagce tgaatgatta ttactctcag tgcctgtag 1599

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 48
H: 532
PRT

<213> ORGANISM: Aspergillus fumi

<400> SEQUENCE: 48

Met Leu Ala
1

Leu Ala Ala
Gln Ala Glu
35

Gly Ser Cys
50

Arg Trp Val
65

Thr Trp Asp

Cys Ala Leu

Ser Gly Asn
115

Asn Ile Gly
130

Met Phe Lys
145

Asn Leu Pro

Ala Asp Gly

Tyr Gly Thr
195

Ser Thr Phe Ser Tyr

Leu Leu Gly Ser Gly

20

Val His Pro Ser Met

40

Thr Thr Asn Asn Gly

55

His Lys Val Gly Asp

70

Thr Thr Ile Cys Pro

85

Glu Gly Ala Asn Tyr

100

Ser Leu Arg Leu Asn

120

Ser Arg Leu Tyr Met

135

Leu Leu Asn Gln Glu
150

Cys Gly Leu Asn Gly

165

Gly Met Ser Lys Tyr

180

Gly Tyr Cys Asp Ser

200

gatus

Arg Met Tyr
10

Gln Ala Gln
25

Thr Trp Gln

Lys Val Val

Tyr Thr Asn

75

Asp Asp Ala
90

Glu Ser Thr
105

Phe Val Thr

Met Lys Asp

Phe Thr Phe

155

Ala Leu Tyr
170

Pro Thr Asn
185

Gln Cys Pro

Lys Thr Ala
Gln Val Gly
30

Ser Cys Thr
45

Ile Asp Ala
60

Cys Tyr Thr

Thr Cys Ala

Tyr Gly Val
110

Thr Ser Gln
125

Asp Ser Thr
140

Asp Val Asp

Phe Val Ala

Lys Ala Gly
190

Arg Asp Leu
205

Leu Ile
15

Thr Ser

Ala Gly

Asn Trp

Gly Asn
80

Ser Asn
95

Thr Ala

Gln Lys

Tyr Glu

Val Ser
160

Met Asp
175

Ala Lys

Lys Phe
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Ile Asn Gly Gln Ala Asn
210

Ala Asn Ala Gly Thr Gly
225 230

Ile Trp Glu Ala Asn Ser
245

Asp Thr Pro Gly Gln Val
260

Tyr Ser Ser Asp Arg Tyr
275

Phe Asn Ser Phe Arg Gln
290

Thr Val Asp Thr Lys Ser
305 310

Asp Asp Gly Thr Ser Ser
325

Val Gln Asn Gly Lys Val
340

Val Ser Gly Asn Ser Ile
355

Leu Phe Gln Asp Gln Asn
370

Met Gly Ala Ala Leu Ala
385 390

Asp Asp His Ser Ala Asn
405

Thr Ala Ser Ser Thr Thr
420

Ser Ser Gly Val Pro Ala
435

Val Val Tyr Ser Asn Ile
450

Ser Gly Gly Ser Asn Pro
465 470

Gln Pro Thr Thr Thr Thr
485

Val Ala Gln His Tyr Gly
500

Thr Thr Cys Ala Ser Pro
515

Ser Gln Cys Leu
530

<210> SEQ ID NO 49
<211> LENGTH: 1713
<212> TYPE: DNA

Val

215

Asn

Ile

Met

Gly

Gly

295

Lys

Gly

Ile

Thr

Val

375

Gln

Met

Pro

Asp

Lys

455

Gly

Thr

Gln

Tyr

Glu

His

Ser

Cys

Gly

280

Asn

Phe

Thr

Pro

Thr

360

Phe

Gly

Leu

Gly

Val

440

Val

Gly

Thr

Cys

Thr
520

Gly

Gly

Thr

Thr

265

Thr

Lys

Thr

Leu

Asn

345

Glu

Glu

Met

Trp

Val

425

Glu

Gly

Gly

Ala

Gly

505

Cys

Trp

Ser

Ala

250

Gly

Cys

Thr

Val

Lys

330

Ser

Tyr

Lys

Val

Leu

410

Ala

Ala

Pro

Thr

Gly

490

Gly

Gln

<213> ORGANISM: Aspergillus fumigatus

<400> SEQUENCE: 49

atgaagcacc ttgcatctte catcgeattg

cagaccgtat ggggccaatg tatgttetgg

tgatatgett ctaggtggeg gccaaggetg

agcctgtage acactgaate cctgtatgtt

Gln

Cys

235

Phe

Asp

Asp

Phe

Val

315

Glu

Glu

Cys

His

Leu

395

Asp

Arg

Asn

Ile

Thr

475

Asn

Ile

Lys

actctactgt

ctgtcactygyg

gtctggeccy

agatatcgte

Pro Ser Ser Asn Asp
220

Cys Ala Glu Met Asp
240

Thr Pro His Pro Cys
255

Ala Cys Gly Gly Thr
270

Pro Asp Gly Cys Asp
285

Tyr Gly Pro Gly Met
300

Thr Gln Phe Ile Thr
320

Ile Lys Arg Phe Tyr
335

Ser Thr Trp Thr Gly
350

Thr Ala Gln Lys Ser
365

Gly Gly Leu Glu Gly
380

Val Met Ser Leu Trp
400

Ser Asn Tyr Pro Thr
415

Gly Thr Cys Asp Ile
430

His Pro Asp Ala Tyr
445

Gly Ser Thr Phe Asn
460

Thr Thr Thr Thr Thr
480

Pro Gly Gly Thr Gly
495

Gly Trp Thr Gly Pro
510

Leu Asn Asp Tyr Tyr
525

tgcctgeegt gcaggceccag
aataagactyg tatcaactgce
acgagctgtyg ttgccggege

ctgagtggag acttatactg

60

120

180

240
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actteccttag actacgctca gtgtatcceg ggagccaceyg cgacgtccac caccctcacyg 300
acgacgacgg cggcgacgac gacatcccag accaccacca aacctaccac gactggtcca 360
actacatceg cacccaccgt gaccgcatce ggtaaccctt tcageggceta ccagetgtat 420
gccaaccect actactccte cgaggtccat actctggeca tgecttetet geccageteg 480
ctgcagccca aggctagtge tgttgectgaa gtgccctceat ttgtttgget gtaagtggece 540
ttatcccaat actgagacca actctctgac agtcegtageg acgttgccege caaggtgcce 600
actatgggaa cctacctggce cgacattcag gccaagaaca aggccggege caaccctect 660
atcgetggta tettegtggt ctacgacttg ceggaccegtyg actgegecge tetggecagt 720
aatggcgagt actcaattgc caacaacggt gtggccaact acaaggcgta cattgacgcce 780
atccgtgete agetggtgaa gtactctgac gttcacacca tectegtcat cggtaggccyg 840
tacacctceg ttgegegecg cctttetetg acatcttgea gaacccgaca gcettggecaa 900
cctggtgace aacctcaacg tcgccaaatg cgecaatgeg cagagcgect acctggagtg 960
tgtcgactat gctctgaage agctcaacct gcccaacgtce geccatgtacce tcegacgcagg 1020
tatgcctcac ttccecgcatt ctgtatccct tccagacact aactcatcag gecatgeggg 1080
ctggctegga tggcccgeca acttgggcece cgecgcaaca ctcettegcecca aagtctacac 1140
cgacgegggt tccceegegg ctgttegtgg cetggccace aacgtcegeca actacaacge 1200
ctggtegete agtacctgcce cctectacac ccagggagac cccaactgeyg acgagaagaa 1260
gtacatcaac gccatggcge ctecttctcaa ggaagecgge ttcgatgecce acttcatcat 1320
ggatacctgt aagtgcttat tccaatcgcecc gatgtgtgec gactaatcaa tgtttcagece 1380
cggaatggeg tccageccac gaagcaaaac gectggggtyg actggtgcaa cgtcatcgge 1440
accggcetteg gtgttcecgece ctecgactaac accggcgatce cgctccagga tgcctttgtg 1500
tggatcaagc ccggtggaga gagtgatggce acgtccaact cgacttccce ccggtatgac 1560
gcgcactgeg gatatagtga tgctctgcag cctgctectg aggctggtac ttggttecag 1620
gtatgtcatc cattagccag atgagggata agtgactgac ggacctaggc ctactttgag 1680
cagcttcetga ccaacgctaa cccgtecttt taa 1713

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN
<400> SEQUE:

Met Lys His
1

Val Gln Ala

Ser Gly Pro
35

Pro Tyr Tyr
50

Leu Thr Thr
65

Pro Thr Thr

Gly Asn Pro

D NO 50
H: 454
PRT

ISM: Aspergillus fumi

NCE: 50

Leu Ala Ser Ser Ile

Gln Gln Thr Val Trp

20

Thr Ser Cys Val Ala

40

Ala Gln Cys Ile Pro

55

Thr Thr Ala Ala Thr

70

Thr Gly Pro Thr Thr

85

Phe Ser Gly Tyr Gln

100

gatus

Ala Leu Thr
10

Gly Gln Cys
25

Gly Ala Ala

Gly Ala Thr

Thr Thr Ser

75

Ser Ala Pro
90

Leu Tyr Ala
105

Leu Leu Leu

Gly Gly Gln
30

Cys Ser Thr
45

Ala Thr Ser
60

Gln Thr Thr

Thr Val Thr

Asn Pro Tyr
110

Pro Ala

15

Gly Trp

Leu Asn

Thr Thr

Thr Lys

Ala Ser
95

Tyr Ser
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Ser

Pro

145

Ala

Glu

Asp

Leu

225

Tyr

Ala

Ala

305

Ser

Lys

Ala

Gln

385

Trp

Pro

Pro

Asn

Glu

Lys

130

Ala

Lys

Tyr

Tyr

Ala

210

Val

Ala

Ala

Gly

Thr

290

Arg

Thr

Tyr

His

Asn

370

Arg

Ile

Arg

Glu

Ala
450

Val

115

Ala

Ala

Asn

Asp

Ser

195

Ile

Ile

Lys

Leu

His

275

Leu

Gly

Cys

Ile

Phe

355

Ala

Pro

Lys

Tyr

Ala

435

Asn

His

Ser

Lys

Lys

Leu

180

Ile

Arg

Glu

Cys

Lys

260

Ala

Phe

Leu

Pro

Asn

340

Ile

Trp

Ser

Pro

Asp

420

Gly

Pro

Thr

Ala

Val

Ala

165

Pro

Ala

Ala

Pro

Ala

245

Gln

Gly

Ala

Ala

Ser

325

Ala

Met

Gly

Thr

Gly

405

Ala

Thr

Ser

<210> SEQ ID NO 51

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Aspergillus oryzae

<400> SEQUENCE:

atgaagcttyg gttggatcga ggtggecgea ttggeggetg cetcagtagt cagtgccaag

gatgatctceg cgtactcccece tectttectac ccttecccat gggcagatgyg tcagggtgaa

tgggcggaag tatacaaacg cgctgtagac atagtttcece agatgacgtt gacagagaaa

2586

51

Leu

Val

Pro

150

Gly

Asp

Asn

Gln

Asp

230

Asn

Leu

Trp

Lys

Thr

310

Tyr

Met

Asp

Asp

Asn

390

Gly

His

Trp

Phe

Ala

Ala

135

Thr

Ala

Arg

Asn

Leu

215

Ser

Ala

Asn

Leu

Val

295

Asn

Thr

Ala

Thr

Trp

375

Thr

Glu

Cys

Phe

Met

120

Glu

Met

Asn

Asp

Gly

200

Val

Leu

Gln

Leu

Gly

280

Tyr

Val

Gln

Pro

Ser

360

Cys

Gly

Ser

Gly

Gln
440

Pro

Val

Gly

Pro

Cys

185

Val

Lys

Ala

Ser

Pro

265

Trp

Thr

Ala

Gly

Leu

345

Arg

Asn

Asp

Asp

Tyr

425

Ala

Ser

Pro

Thr

Pro

170

Ala

Ala

Tyr

Asn

Ala

250

Asn

Pro

Asp

Asn

Asp

330

Leu

Asn

Val

Pro

Gly

410

Ser

Tyr

Leu

Ser

Tyr

155

Ile

Ala

Asn

Ser

Leu

235

Tyr

Val

Ala

Ala

Tyr

315

Pro

Lys

Gly

Ile

Leu

395

Thr

Asp

Phe

Pro

Phe

140

Leu

Ala

Leu

Tyr

Asp

220

Val

Leu

Ala

Asn

Gly

300

Asn

Asn

Glu

Val

Gly

380

Gln

Ser

Ala

Glu

Ser

125

Val

Ala

Gly

Ala

Lys

205

Val

Thr

Glu

Met

Leu

285

Ser

Ala

Cys

Ala

Gln

365

Thr

Asp

Asn

Leu

Gln
445

Ser

Trp

Asp

Ile

Ser

190

Ala

His

Asn

Cys

Tyr

270

Gly

Pro

Trp

Asp

Gly

350

Pro

Gly

Ala

Ser

Gln

430

Leu

Leu

Leu

Ile

Phe

175

Asn

Tyr

Thr

Leu

Val

255

Leu

Pro

Ala

Ser

Glu

335

Phe

Thr

Phe

Phe

Thr

415

Pro

Leu

Gln

Asp

Gln

160

Val

Gly

Ile

Ile

Asn

240

Asp

Asp

Ala

Ala

Leu

320

Lys

Asp

Lys

Gly

Val

400

Ser

Ala

Thr

60

120

180
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gtcaacttaa cgactggaac aggatggcaa ctagagaggt gtgttggaca aactggcagt 240
gttecccagac tcaacatcce cagettgtgt ttgcaggata gtectettgg tattegttte 300
tcggactaca attcagettt ccctgegggt gttaatgteg ctgccacctyg ggacaagacyg 360
ctegectace ttegtggtca ggcaatgggt gaggagttca gtgataaggyg tattgacgtt 420
cagctgggte ctgetgetgg cectceteggt getcatcegyg atggceggtag aaactgggaa 480
ggtttctcac cagatccage cctcaccggt gtactttttyg cggagacgat taagggtatt 540
caagatgctg gtgtcattge gacagctaag cattatatca tgaacgaaca agagcattte 600
cgccaacaac ccgaggcetgce gggttacgga ttcaacgtaa gcegacagttt gagttccaac 660
gttgatgaca agactatgca tgaattgtac ctctggecct tegceggatgce agtacgceget 720
ggagtcggtyg ctgtcatgtg ctcttacaac caaatcaaca acagctacgg ttgcgagaat 780
agcgaaactce tgaacaagct tttgaaggceg gagettggtt tcecaaggett cgtcatgagt 840
gattggaccyg ctcatcacag cggegtagge getgetttag caggtctgga tatgtcgatg 900
cceggtgatg ttaccttega tagtggtacg tetttetggg gtgcaaactt gacggteggt 960
gtcecttaacg gtacaatcce ccaatggegt gttgatgaca tggctgtceccg tatcatggece 1020
gcttattaca aggttggccg cgacaccaaa tacaccccte ccaacttcag ctegtggacce 1080
agggacgaat atggtttcgc gcataaccat gtttcggaag gtgcttacga gagggtcaac 1140
gaattcgtgg acgtgcaacg cgatcatgcc gacctaatcc gtcgcatcgg cgcgcagagce 1200
actgttcectge tgaagaacaa gggtgccttg cccttgagec gcaaggaaaa gctggtegece 1260
cttctgggag aggatgcggg ttccaactcg tggggcgcta acggctgtga tgaccgtggt 1320
tgcgataacg gtacccttge catggcectgg ggtagcggta ctgcgaattt cccatacctce 1380
gtgacaccag agcaggcgat tcagaacgaa gttcttcagg gccgtggtaa tgtcecttegece 1440
gtgaccgaca gttgggcgct cgacaagatc gctgcggctg cccgceccaggce cagcgtatcet 1500
ctegtgtteg tcaactccga ctcaggagaa ggctatctta gtgtggatgg aaatgagggce 1560
gatcgtaaca acatcactct gtggaagaac ggcgacaatg tggtcaagac cgcagcgaat 1620
aactgtaaca acaccgttgt catcatccac tcecgtcggac cagttttgat cgatgaatgg 1680
tatgaccacc ccaatgtcac tggtattcte tgggctggtc tgccaggcca ggagtctggt 1740
aactccattg ccgatgtgcet gtacggtcgt gtcaaccctg gecgccaagte tectttcact 1800
tggggcaaga cccgggagtce gtatggttct cccttggtca aggatgccaa caatggcaac 1860
ggagcgceec agtctgattt cacccagggt gttttcateg attaccgeca tttcecgataag 1920
ttcaatgaga cccctatcta cgagtttgge tacggcttga gctacaccac cttcecgagcetce 1980
tcecgacctee atgttcagec cctgaacgcg tcccgataca ctcecccaccag tggcatgact 2040
gaagctgcaa agaactttgg tgaaattggc gatgcgtcgg agtacgtgta tccggagggyg 2100
ctggaaagga tccatgagtt tatctatccce tggatcaact ctaccgacct gaaggcatcg 2160
tctgacgatt ctaactacgg ctgggaagac tccaagtata ttcccgaagg cgccacggat 2220
gggtctgece agecccegttt gcecegctagt ggtggtgceg gaggaaaccce cggtctgtac 2280
gaggatcttt tccgegtcte tgtgaaggtc aagaacacgg gcaatgtcgce cggtgatgaa 2340
gttcctcage tgtacgttte cctaggegge ccgaatgage ccaaggtggt actgcgcaag 2400
tttgagcgta ttcacttgge cceccttegcag gaggccgtgt ggacaacgac ccttaccegt 2460
cgtgaccttg caaactggga cgtttceggct caggactgga ccgtcactcecce ttaccccaag 2520
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acgatctacg ttggaaactc ctcacggaaa ctgccgctcecce aggcctcecget gectaaggcece 2580
cagtaa 2586
<210> SEQ ID NO 52

<211> LENGTH: 861

<212> TYPE: PRT

<213> ORGANISM: Aspergillus oryzae

<400> SEQUENCE: 52

Met Lys Leu Gly Trp Ile Glu Val Ala Ala Leu Ala Ala Ala Ser Val
1 5 10 15

Val Ser Ala Lys Asp Asp Leu Ala Tyr Ser Pro Pro Phe Tyr Pro Ser
20 25 30

Pro Trp Ala Asp Gly Gln Gly Glu Trp Ala Glu Val Tyr Lys Arg Ala
35 40 45

Val Asp Ile Val Ser Gln Met Thr Leu Thr Glu Lys Val Asn Leu Thr
50 55 60

Thr Gly Thr Gly Trp Gln Leu Glu Arg Cys Val Gly Gln Thr Gly Ser
65 70 75 80

Val Pro Arg Leu Asn Ile Pro Ser Leu Cys Leu Gln Asp Ser Pro Leu
85 90 95

Gly Ile Arg Phe Ser Asp Tyr Asn Ser Ala Phe Pro Ala Gly Val Asn
100 105 110

Val Ala Ala Thr Trp Asp Lys Thr Leu Ala Tyr Leu Arg Gly Gln Ala
115 120 125

Met Gly Glu Glu Phe Ser Asp Lys Gly Ile Asp Val Gln Leu Gly Pro
130 135 140

Ala Ala Gly Pro Leu Gly Ala His Pro Asp Gly Gly Arg Asn Trp Glu
145 150 155 160

Gly Phe Ser Pro Asp Pro Ala Leu Thr Gly Val Leu Phe Ala Glu Thr
165 170 175

Ile Lys Gly Ile Gln Asp Ala Gly Val Ile Ala Thr Ala Lys His Tyr
180 185 190

Ile Met Asn Glu Gln Glu His Phe Arg Gln Gln Pro Glu Ala Ala Gly
195 200 205

Tyr Gly Phe Asn Val Ser Asp Ser Leu Ser Ser Asn Val Asp Asp Lys
210 215 220

Thr Met His Glu Leu Tyr Leu Trp Pro Phe Ala Asp Ala Val Arg Ala
225 230 235 240

Gly Val Gly Ala Val Met Cys Ser Tyr Asn Gln Ile Asn Asn Ser Tyr
245 250 255

Gly Cys Glu Asn Ser Glu Thr Leu Asn Lys Leu Leu Lys Ala Glu Leu
260 265 270

Gly Phe Gln Gly Phe Val Met Ser Asp Trp Thr Ala His His Ser Gly
275 280 285

Val Gly Ala Ala Leu Ala Gly Leu Asp Met Ser Met Pro Gly Asp Val
290 295 300

Thr Phe Asp Ser Gly Thr Ser Phe Trp Gly Ala Asn Leu Thr Val Gly
305 310 315 320

Val Leu Asn Gly Thr Ile Pro Gln Trp Arg Val Asp Asp Met Ala Val
325 330 335

Arg Ile Met Ala Ala Tyr Tyr Lys Val Gly Arg Asp Thr Lys Tyr Thr
340 345 350

Pro Pro Asn Phe Ser Ser Trp Thr Arg Asp Glu Tyr Gly Phe Ala His
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158

Asn

385

Thr

Lys

Ala

Ala

Gln

465

Ala

Leu

Lys

Thr

545

Tyr

Gln

Pro

Gly

Ser

625

Phe

Thr

Tyr

Ile

His

705

Ser

Gly

Ala

Lys

His

370

Gln

Val

Leu

Asn

Trp

450

Ala

Thr

Ser

Ser

Asn

530

Val

Asp

Glu

Gly

Ser

610

Asp

Asn

Phe

Thr

Gly

690

Glu

Asp

Ala

Gly

Val
770

355

Val

Arg

Leu

Val

Gly

435

Gly

Ile

Asp

Val

Val

515

Gly

Val

His

Ser

Ala

595

Pro

Phe

Glu

Glu

Pro

675

Asp

Phe

Asp

Thr

Gly
755

Lys

Ser

Asp

Leu

Ala

420

Cys

Ser

Gln

Ser

Ser

500

Asp

Asp

Ile

Pro

Gly

580

Lys

Leu

Thr

Thr

Leu

660

Thr

Ala

Ile

Ser

Asp
740

Asn

Asn

Glu

His

Lys

405

Leu

Asp

Gly

Asn

Trp

485

Leu

Gly

Asn

Ile

Asn

565

Asn

Ser

Val

Gln

Pro

645

Ser

Ser

Ser

Tyr

Asn
725
Gly

Pro

Thr

Gly

Ala

390

Asn

Leu

Asp

Thr

Glu

470

Ala

Val

Asn

Val

His

550

Val

Ser

Pro

Lys

Gly

630

Ile

Asp

Gly

Glu

Pro

710

Tyr

Ser

Gly

Gly

360 365

Ala Tyr Glu Arg Val Asn Glu Phe Val
375 380

Asp Leu Ile Arg Arg Ile Gly Ala Gln
395

Lys Gly Ala Leu Pro Leu Ser Arg Lys
410 415

Gly Glu Asp Ala Gly Ser Asn Ser Trp
425 430

Arg Gly Cys Asp Asn Gly Thr Leu Ala
440 445

Ala Asn Phe Pro Tyr Leu Val Thr Pro
455 460

Val Leu Gln Gly Arg Gly Asn Val Phe
475

Leu Asp Lys Ile Ala Ala Ala Ala Arg
490 495

Phe Val Asn Ser Asp Ser Gly Glu Gly
505 510

Glu Gly Asp Arg Asn Asn Ile Thr Leu
520 525

Val Lys Thr Ala Ala Asn Asn Cys Asn
535 540

Ser Val Gly Pro Val Leu Ile Asp Glu
555

Thr Gly Ile Leu Trp Ala Gly Leu Pro
570 575

Ile Ala Asp Val Leu Tyr Gly Arg Val
585 590

Phe Thr Trp Gly Lys Thr Arg Glu Ser
600 605

Asp Ala Asn Asn Gly Asn Gly Ala Pro
615 620

Val Phe Ile Asp Tyr Arg His Phe Asp
635

Tyr Glu Phe Gly Tyr Gly Leu Ser Tyr
650 655

Leu His Val Gln Pro Leu Asn Ala Ser
665 670

Met Thr Glu Ala Ala Lys Asn Phe Gly
680 685

Tyr Val Tyr Pro Glu Gly Leu Glu Arg
695 700

Trp Ile Asn Ser Thr Asp Leu Lys Ala
715

Gly Trp Glu Asp Ser Lys Tyr Ile Pro
730 735

Ala Gln Pro Arg Leu Pro Ala Ser Gly
745 750

Leu Tyr Glu Asp Leu Phe Arg Val Ser
760 765

Asn Val Ala Gly Asp Glu Val Pro Gln
775 780

Asp

Ser

400

Glu

Gly

Met

Glu

Ala

480

Gln

Tyr

Trp

Asn

Trp

560

Gly

Asn

Tyr

Gln

Lys

640

Thr

Arg

Glu

Ile

Ser

720

Glu

Gly

Val

Leu
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160

Tyr Val Ser
785

Phe Glu Arg
Thr Leu Thr
Trp Thr Val

835
Arg Lys Leu

850

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Aspergillus

Leu Gly Gly Pro Asn
790

Ile His Leu Ala Pro

805

Arg Arg Asp Leu Ala

820

Thr Pro Tyr Pro Lys

840

Pro Leu Gln Ala Ser

D NO 53
H: 3060
DNA

<400> SEQUENCE: 53

atgagattcg

gtttgtgatg

aggaattgge

gggcagatgc

ttaaccttac

actgaccatc

aggtaagcett

acttggtatc

gctatacceyg

tgacctcaac

cgectacett

gCtggggCCt

cttctcetect

agacgcgggt

acaggttgge

ggatgacaag

ccttgattga

ttttecegtag

ggcgctgtea

actctcaaca

agcgctcace

gacatttecct

aacggcaccg

tacaaggttg

gagtacggcet

gtcaatgtge

ctcttgaaga

ggtgaagacg

gttggctcga

cttteecegte

tttctcteca

ccatcgacge

aacgggtact

tacacagatg

gcaattctge

aactggggtce

cggagtettt

tcegecttec

cgtggcaagg

getgetggte

gatccggtte

gtgattgcta

gaggceccagy

accatgcacyg

tttgactgac

acttgaccte

tgtgttecta

agctcctcaa

acagcggtgt

tcgacgacgyg

ttccagectyg

gtcegtgacceyg

gggagcatte

agcgcagtca

acacgggtge

ctggttccaa

855

ggtggCCgCt

attgtttegy

ccattctacc

geegtegaga

gggtgggttyg

ggaaatggac

aacaacgtge

tttgtggeca

cagtcettgt

ctgctggtac

ccatgggtga

ctcteggeaa

tcactggtgt

ctgccaageca

gatatggtta

agttgtacct

ctggaatgca

gcgacgaaga

caatcaaatc

ggctgagctg

cggegetgec

actctcectte

gegtgtegat

tcttegtatt

tgctgtetee

ctctcagatce

tcttecttty

CCCgtggggt

Glu

Ser

Asn

825

Thr

Leu

Pro

Gln

810

Trp

Ile

Pro

fumigatus

Lys

795

Glu

Asp

Tyr

Lys

ctgacggeeyg

atatagttga

cttegecttyg

tegtttetea

cgactttttt

cgatgegteg

aagtgtagtt

ggattccect

attatgtget

taatgtcgee

ggaattcaac

atacccggac

acttttegee

ttacattctg

caacatcacg

ttggtgagta

ggcectttge

aatcgctgac

aacaacagct

ggcttccaag

ctegetgggt

tggggcacga

gacatggcetyg

ccccectaact

gagggagcct

atccgtgaga

accggcaagg

gctaacgget

Val Val Leu

Ala Val Trp

Val Ser Ala

830

Val Gly Asn
845

Ala Gln
860

cttetgtage
caatagtcat
ggctgatgge
gatgacactg
gttgacagtg
gtcaaaccgg
gctaaaacgce
ttgggtatcc
gatgattgte
gcgacatggg
gacaagggcg
ggcggcagaa
gaaactatca
aatgaacagg
gagacgatca
gttgacactg
agatgctgtyg
gaaccatcgt
acggttgtca
gettegteat
tggatatgtce
acctaactgt
ttcgtatcat
tcagctecty
ggaccaaggt
ttggtgcege
aggttaaagt

gececgaceg

Arg Lys
800

Thr Thr
815

Gln Asp

Ser Ser

caatgcccag
ggaaataatc
cagggagagt
geggagaagg
agctttette
cagcgttece
ggtggtgcag
gtttctgtga
tctgtatage
acaagacact
tggacatttt
tetgggaagg
agggtatcca
agcatttceg
gctecaacgt
caaatgagga
cgcggtaaga
agctggegtt
aaacagtcaa
gagtgactgg
gatgcctgga
cagtgttett
gaccgegtac
gacccgggat
gaacgactte
tagtacagtyg
gggtgttete

cggetgtgat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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-continued
aacggcactc ttgctatggc ctggggtagt ggtactgcca acttccctta ccttgtcacce 1740
ccecgagcagg ctatccageg agaggtcatce agcaacggcg gcaatgtctt tgectgtgact 1800
gataacgggg ctctcagcca gatggcagat gttgcatctc aatccaggtg agtgcgggcet 1860
cttagaaaaa gaacgttctc tgaatgaagt tttttaacca ttgcgaacag cgtgtcectttg 1920
gtgtttgtca acgccgactce tggagagggt ttcatcagtg tcgacggcaa cgagggtgac 1980
cgcaaaaatc tcactctgtg gaagaacggc gaggccgtca ttgacactgt tgtcagccac 2040
tgcaacaaca cgattgtggt tattcacagt gttgggcccg tcttgatcga ccggtggtat 2100
gataacccca acgtcactge catcatctgg geccggcecttge ccggtcagga gagtggcaac 2160
tcectggteg acgtgcteta tggccgegte aaccccageg ccaagaccece gttcacctgg 2220
ggcaagactc gggagtctta cggggctccce ttgctcaccg agecctaacaa tggcaatggt 2280
gctececcagg atgatttcaa cgagggegtce ttcattgact accgtcactt tgacaagcgce 2340
aatgagaccc ccatttatga gtttggccat ggcttgaget acaccacctt tggttactct 2400
cacctteggg ttcaggcect caatagttcg agttcggcat atgtcccgac tagcggagag 2460
accaagcctg cgccaaccta tggtgagatc ggtagtgcecg ccgactacct gtatcccgag 2520
ggtctcaaaa gaattaccaa gtttatttac ccttggctca actcgaccga cctcgaggat 2580
tcttctgacg acccgaacta cggctgggag gactcggagt acattcccga aggcgctagg 2640
gatgggtcte ctcaacccct cctgaaggcet ggcggcgcte ctggtggtaa ccectaccectt 2700
tatcaggatc ttgttagggt gtcggccacc ataaccaaca ctggtaacgt cgccggttat 2760
gaagtcccte aattggtgag tgacccgcat gttcecttgeg ttgcaatttg gctaactege 2820
ttctagtatg tttcactggg cggaccgaac gagcctceggg tegttectgeg caagttcecgac 2880
cgaatcttce tggctcecctgg ggagcaaaag gtttggacca cgactcttaa ccgtcegtgat 2940
ctcgccaatt gggatgtgga ggctcaggac tgggtcatca caaagtaccce caagaaagtg 3000
cacgtcggca gctcectegeg taagetgect ctgagagege ctcetgecceg tgtctactag 3060

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 54
H: 863
PRT

ISM: Aspergillus

<400> SEQUENCE: 54

Met Arg Phe
1

Ala Asn Ala

Trp Ala Asp
35

Glu Ile Val
50

Gly Thr Gly
65

Pro Arg Leu

Gly Ile Arg

Val Ala Ala
115

Gly Trp Leu Glu Val

Gln Glu Leu Ala Phe

20

Gly Gln Gly Glu Trp

40

Ser Gln Met Thr Leu

55

Trp Glu Met Asp Arg

70

Gly Ile Asn Trp Gly

85

Phe Ser Asp Leu Asn

100

Thr Trp Asp Lys Thr

120

Ala
Ser
25

Ala

Ala

Cys

Leu

Ser

105

Leu

fumigatus

Ala

10

Pro

Asp

Glu

Val

Cys

Ala

Ala

Leu

Pro

Ala

Lys

Gly

75

Gly

Phe

Tyr

Thr Ala Ala
Phe Tyr Pro
30

His Arg Arg
45

Val Asn Leu
60

Gln Thr Gly

Gln Asp Ser

Pro Ala Gly
110

Leu Arg Gly
125

Ser Val
15

Ser Pro

Ala Val

Thr Thr
Ser Val
80

Pro Leu
95

Thr Asn

Lys Ala
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Met

Ala

145

Gly

Ile

Ile

Tyr

Thr

225

Gly

Gly

Gly

Ser

305

Arg

Pro

Ser

385

Thr

Ala

Ala

Gln

465

Ser

Ile

Lys

Thr

Gly

130

Ala

Phe

Lys

Leu

Gly

210

Met

Val

Cys

Phe

Gly

290

Phe

Leu

Ile

Pro

Ala

370

Gln

Val

Lys

Asn

Trp

450

Ala

Thr

Ser

Ser

Asn
530

Ile

Glu

Gly

Ser

Gly

Asn

195

Tyr

His

Gly

Gln

Gln

275

Ala

Asp

Asn

Met

Asn

355

Val

Arg

Leu

Val

Gly

435

Gly

Ile

Asp

Val

Val
515

Gly

Val

Glu

Pro

Pro

Ile

180

Glu

Asn

Glu

Ala

Asn

260

Gly

Ala

Asp

Gly

Thr

340

Phe

Ser

Ser

Leu

Gly

420

Cys

Ser

Gln

Asn

Ser
500
Asp

Glu

Val

Phe

Leu

Asp

165

Gln

Gln

Ile

Leu

Val

245

Ser

Phe

Leu

Gly

Thr

325

Ala

Ser

Glu

His

Lys

405

Val

Pro

Gly

Arg

Gly

485

Leu

Gly

Ala

Ile

Asn

Gly

150

Pro

Asp

Glu

Thr

Tyr

230

Met

Gln

Val

Ala

Leu

310

Val

Tyr

Ser

Gly

Ser

390

Asn

Leu

Asp

Thr

Glu

470

Ala

Val

Asn

Val

His

Asp

135

Lys

Val

Ala

His

Glu

215

Leu

Cys

Thr

Met

Gly

295

Ser

Pro

Tyr

Trp

Ala

375

Gln

Thr

Gly

Arg

Ala

455

Val

Leu

Phe

Glu

Ile
535

Ser

Lys

Tyr

Leu

Gly

Phe

200

Thr

Trp

Ser

Leu

Ser

280

Leu

Phe

Ala

Lys

Thr

360

Trp

Ile

Gly

Glu

Gly

440

Asn

Ile

Ser

Val

Gly
520

Asp

Val

Gly

Pro

Thr

Val

185

Arg

Ile

Pro

Tyr

Asn

265

Asp

Asp

Trp

Trp

Val

345

Arg

Thr

Ile

Ala

Asp

425

Cys

Phe

Ser

Gln

Asn
505
Asp

Thr

Gly

Val

Asp

Gly

170

Ile

Gln

Ser

Phe

Asn

250

Lys

Trp

Met

Gly

Arg

330

Gly

Asp

Lys

Arg

Leu

410

Ala

Asp

Pro

Asn

Met

490

Ala

Arg

Val

Pro

Asp

Gly

155

Val

Ala

Val

Ser

Ala

235

Gln

Leu

Ser

Ser

Thr

315

Val

Arg

Glu

Val

Glu

395

Pro

Gly

Asn

Tyr

Gly

475

Ala

Asp

Lys

Val

Val

Ile

140

Gly

Leu

Thr

Gly

Asn

220

Asp

Ile

Leu

Ala

Met

300

Asn

Asp

Asp

Tyr

Asn

380

Ile

Leu

Ser

Gly

Leu

460

Gly

Asp

Ser

Asn

Ser
540

Leu

Leu Leu Gly

Arg

Phe

Ala

Glu

205

Val

Ala

Asn

Lys

His

285

Pro

Leu

Asp

Arg

Gly

365

Asp

Gly

Thr

Asn

Thr

445

Val

Asn

Val

Gly

Leu
525

His

Ile

Ile

Ala

Lys

190

Ala

Asp

Val

Asn

Ala

270

His

Gly

Thr

Met

Leu

350

Trp

Phe

Ala

Gly

Pro

430

Leu

Thr

Val

Ala

Glu
510
Thr

Cys

Asp

Trp

Glu

175

His

Gln

Asp

Arg

Ser

255

Glu

Ser

Asp

Val

Ala

335

Arg

Glu

Val

Ala

Lys

415

Trp

Ala

Pro

Phe

Ser

495

Gly

Leu

Asn

Arg

Pro

Glu

160

Thr

Tyr

Gly

Lys

Ala

240

Tyr

Leu

Gly

Ile

Ser

320

Val

Ile

His

Asn

Ser

400

Glu

Gly

Met

Glu

Ala

480

Gln

Phe

Trp

Asn

Trp
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545

Tyr Asp Asn

Gln Glu Ser

Pro Ser Ala

595

Gly Ala Pro
610

Asp Asp Phe
625

Arg Asn Glu

Thr Phe Gly

Ser Ala Tyr

675

Gly Glu Ile
690

Arg Ile Thr
705

Asp Ser Ser

Pro Glu Gly

Gly Ala Pro

755

Ser Ala Thr
770

Gln Leu Tyr
785

Arg Lys Phe
Thr Thr Thr
Gln Asp Trp

835
Ser Ser Arg

850

<210> SEQ I
<211> LENGT.
<212> TYPE:

550

Pro Asn Val Thr Ala

565

Gly Asn Ser Leu Val

580

Lys Thr Pro Phe Thr

600

Leu Leu Thr Glu Pro

615

Asn Glu Gly Val Phe
630

Thr Pro Ile Tyr Glu

645

Tyr Ser His Leu Arg

660

Val Pro Thr Ser Gly

680

Gly Ser Ala Ala Asp

695

Lys Phe Ile Tyr Pro
710

Asp Asp Pro Asn Tyr

725

Ala Arg Asp Gly Ser

740

Gly Gly Asn Pro Thr

760

Ile Thr Asn Thr Gly

775

Val Ser Leu Gly Gly
790

Asp Arg Ile Phe Leu

805

Leu Asn Arg Arg Asp

820

Val Ile Thr Lys Tyr

840

Lys Leu Pro Leu Arg

D NO 55
H: 2800
DNA

855

<213> ORGANISM: Penicillium bras

<400> SEQUENCE: 55

tgaaaatgca

ccattgegea

gacttgacta

cgttctcaga

ccgcatatca

tgaccaccgyg

gggttctaca

gcccatacag

attgttttac

accgttctac

gaaagctcaa

tgttgggtaa

atctttetgg

aagcacgagg

atacagcceg

cegtegeect

gattttgtet

gtctectecga

555

Ile Ile Trp
570

Asp Val Leu
585

Trp Gly Lys

Asn Asn Gly

Ile Asp Tyr

635

Phe Gly His
650

Val Gln Ala
665

Glu Thr Lys

Tyr Leu Tyr

Trp Leu Asn
715

Gly Trp Glu
730

Pro Gln Pro
745

Leu Tyr Gln

Asn Val Ala

Pro Asn Glu
795

Ala Pro Gly
810

Leu Ala Asn
825

Pro Lys Lys

Ala Pro Leu

ilianum

ctttegecte
tttgttttat
gatttctgca
ggatgaatce
cgcaactcac

ctgettetygyg

Ala Gly Leu
Tyr Gly Arg
590

Thr Arg Glu
605

Asn Gly Ala
620

Arg His Phe

Gly Leu Ser

Leu Asn Ser

670

Pro Ala Pro
685

Pro Glu Gly
700

Ser Thr Asp

Asp Ser Glu

Leu Leu Lys
750

Asp Leu Val
765

Gly Tyr Glu
780

Pro Arg Val

Glu Gln Lys

Trp Asp Val
830

Val His Val
845

Pro Arg Val
860

atgggcgage
cttgctcatg
cgggccccaa
tcacgccgag
tatcttggag

gtcacggtge

560

Pro Gly
575

Val Asn

Ser Tyr

Pro Gln

Asp Lys
640

Tyr Thr
655

Ser Ser

Thr Tyr

Leu Lys

Leu Glu
720

Tyr Ile
735

Ala Gly

Arg Val

Val Pro

Val Leu
800

Val Trp
815

Glu Ala

Gly Ser

Tyr

caggttgcetyg
gacgtgettt
gccatagaat
ggctgggagyg
aaaataaatc

gacgagccac

60

120

180

240

300

360
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168

-continued
tgactttttyg aagctgggaa aatgggccgt gtgtaggaaa cactggatca attcctegte 420
tcggattcaa aggattttgt acccaggatt caccacaggg tgtteggtte gcagattatt 480
ccteegettt cacatctage caaatggecg cegcaacatt tgaccgctca attctttate 540
aacgaggcca agccatggca caggaacaca aggctaaggg tatcacaatt caattgggece 600
ctgttgceegg cccteteggt cgcatceceg agggceggeceyg caactgggaa ggattctece 660
ctgatecctgt cttgactggt atagccatgg ctgagacaat taagggcatyg caggatactg 720
gagtgattge ttgcgctaaa cattatattg gaaacgagca ggagcacttc cgtcaagtgg 780
gtgaagctge gggtcacgga tacactattt ccgatactat ttcatctaat attgacgacce 840
gtgctatgca tgagctatac ttgtggccat ttgctgatge cgttcegeget ggtgtgggtt 900
ctttecatgtg ctcatactct cagatcaaca actcctacgg atgccaaaac agtcagacce 960
tcaacaagct cctcaagagc gaattgggct tccaaggcett tgtcatgage gattggggtg 1020
cccatcactce tggagtgtca tceggcgctag ctggacttga tatgagcatg ccgggtgata 1080
ccgaatttga ttctggcttg agettetggg gctctaacct caccattgca attctgaacg 1140
gcacggttee cgaatggcge ctggatgaca tggcgatgceg aattatggcet gcatacttca 1200
aagttggcct tactattgag gatcaaccag atgtcaactt caatgcctgg acccatgaca 1260
cctacggata taaatacgct tatagcaagg aagattacga gcaggtcaac tggcatgtcg 1320
atgttcgcag cgaccacaat aagctcattc gcgagactgce cgcgaagggt acagttctgce 1380
tgaagaacaa ctttcatgct ctccctectga agcagcccag gttcegtggece gtegttggte 1440
aggatgccegg gccaaaccce aagggccecta acggetgege agaccgagga tgcgaccaag 1500
gcactctege aatgggatgg ggctcagggt ctaccgaatt ceccttacctg gtcactectg 1560
acactgctat tcagtcaaag gtcctcgaat acgggggtcg atacgagagt atttttgata 1620
actatgacga caatgctatc ttgtcgecttg tctcacagec tgatgcaacce tgtatcgttt 1680
ttgcaaatgc cgattccggt gaaggctaca tcactgtcga caacaactgg ggtgaccgca 1740
acaatctgac cctctggcaa aatgccgatc aagtgattag cactgtcage tcgcgatgca 1800
acaacacaat cgttgttctc cactctgtcg gaccagtgtt gctaaatggt atatatgagce 1860
acccgaacat cacagctatt gtcectgggcag ggatgccagg cgaagaatct ggcaatgcetce 1920
tcgtggatat tcectttgggge aatgttaacce ctgccggteg cactccgtte acctgggeca 1980
aaagtcgaga ggactatggc actgatataa tgtacgagec caacaacggce cagcgtgcege 2040
ctcagcagga tttcaccgag agcatctacc tcgactaccg ccatttcgac aaagctggta 2100
tcgagccaat ttacgagttt ggattcggce tctectatac caccttcgaa tactctgacce 2160
tcegtgttgt gaagaagtat gttcaaccat acagtcccac gaccggcacce ggtgctcaag 2220
caccttecat cggacagcca cctagccaga acctggatac ctacaagttce cctgctacat 2280
acaagtacat caaaaccttc atttatccct acctgaacag cactgtctcece ctececgegetg 2340
cttccaagga tcccgaatac ggtcgtacag actttatccce accccacgeg cgtgatgget 2400
ccectcaacce tetcaaccee getggagacce cagtggcecag tggtggaaac aacatgctcet 2460
acgacgaact ttacgaggtc actgcacaga tcaaaaacac tggcgacgtyg gccggcgacg 2520
aagtcgtcca getttacgta gatctcecgggg gtgacaaccce gectcgtcag ttgagaaact 2580
ttgacaggtt ttatctgctg cccggtcaga gctcaacatt ccgggctaca ttgacgcgcece 2640
gtgatttgag caactgggat attgaggcgc agaactggcg agttacggaa tcgcctaaga 2700
gagtgtatgt tggacggtcg agtcgggatt tgccgctgag ctcacaattg gagtaatgat 2760
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170

catgtctacce aatagatgtt gaatgtctgg tgtggatatt

<210> SEQ ID NO 56

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Penicillium

PRT

<400> SEQUENCE:

Met
1

Val

Pro

Ala

65

Thr

Ser

Gln

Met

Ala

145

Pro

Glu

Thr

Tyr

Gly

225

Arg

Ala

Tyr

Leu

Gly
305
Thr

Ala

Met

Gln

Ala

Gly

Trp

50

Gln

Thr

Ile

Gly

Ala

130

Met

Val

Gly

Ile

Ile

210

His

Ala

Gly

Gly

Gly

290

Val

Glu

Ile

Arg

Gly

Ala

Pro

35

Met

Asp

Gly

Pro

Val

115

Ala

Ala

Ala

Phe

Lys

195

Gly

Gly

Met

Val

Cys

275

Phe

Ser

Phe

Leu

Ile
355

Ser

Ile

20

Gln

Asn

Phe

Val

Arg

100

Arg

Ala

Gln

Gly

Ser

180

Gly

Asn

Tyr

His

Gly

260

Gln

Gln

Ser

Asp

Asn
340

Met

878

56

Thr

Ala

Ala

Pro

Val

Gly

85

Leu

Phe

Thr

Glu

Pro

165

Pro

Met

Glu

Thr

Glu

245

Ser

Asn

Gly

Ala

Ser
325

Gly

Ala

Ile

Gln

Ile

His

Ser

Trp

Gly

Ala

Phe

His

150

Leu

Asp

Gln

Gln

Ile

230

Leu

Phe

Ser

Phe

Leu
310
Gly

Thr

Ala

Phe

Pro

Glu

Ala

55

Gln

Glu

Phe

Asp

Asp

135

Lys

Gly

Pro

Asp

Glu

215

Ser

Tyr

Met

Gln

Val

295

Ala

Leu

Val

Tyr

brasilianum

Leu

Ile

Ser

40

Glu

Leu

Asn

Lys

Tyr

120

Arg

Ala

Arg

Val

Thr

200

His

Asp

Leu

Cys

Thr

280

Met

Gly

Ser

Pro

Phe
360

Ala

Gln

25

Phe

Gly

Thr

Gly

Gly

105

Ser

Ser

Lys

Ile

Leu

185

Gly

Phe

Thr

Trp

Ser

265

Leu

Ser

Leu

Phe

Glu
345

Lys

Phe

10

Lys

Ser

Trp

Ile

Pro

90

Phe

Ser

Ile

Gly

Pro

170

Thr

Val

Arg

Ile

Pro

250

Tyr

Asn

Asp

Asp

Trp

330

Trp

Val

Ala

His

Glu

Glu

Leu

75

Cys

Cys

Ala

Leu

Ile

155

Glu

Gly

Ile

Gln

Ser

235

Phe

Ser

Lys

Trp

Met
315
Gly

Arg

Gly

Ser

Glu

Pro

Ala

60

Glu

Val

Thr

Phe

Tyr

140

Thr

Gly

Ile

Ala

Val

220

Ser

Ala

Gln

Leu

Gly

300

Ser

Ser

Leu

Leu

Trp

Pro

Phe

45

Ala

Lys

Gly

Gln

Thr

125

Gln

Ile

Gly

Ala

Cys

205

Gly

Asn

Asp

Ile

Leu

285

Ala

Met

Asn

Asp

Thr
365

Ala

Gly

30

Tyr

Tyr

Ile

Asn

Asp

110

Ser

Arg

Gln

Arg

Met

190

Ala

Glu

Ile

Ala

Asn

270

Lys

His

Pro

Leu

Asp
350

Ile

Ser

15

Phe

Pro

Gln

Asn

Thr

95

Ser

Ser

Gly

Leu

Asn

175

Ala

Lys

Ala

Asp

Val

255

Asn

Ser

His

Gly

Thr
335

Met

Glu

Gln

Leu

Ser

Lys

Leu

80

Gly

Pro

Gln

Gln

Gly

160

Trp

Glu

His

Ala

Asp

240

Arg

Ser

Glu

Ser

Asp
320
Ile

Ala

Asp
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171

-continued

172

Gln

Lys

385

Asp

Gly

Pro

Gly

Met

465

Asp

Ser

Gln

Gly

Leu

545

Asn

Gly

Pro

Asp

625

Pro

Asp

Tyr

Gln

Gly

705

Tyr

Ser

Ile

Gly

Pro

370

Tyr

Val

Thr

Arg

Pro

450

Gly

Thr

Ile

Pro

Tyr

530

Trp

Asn

Ile

Gly

Asn

610

Tyr

Gln

Lys

Thr

Pro

690

Gln

Lys

Leu

Pro

Asp
770

Asp

Ala

Arg

Val

Phe

435

Asn

Trp

Ala

Phe

Asp

515

Ile

Gln

Thr

Tyr

Glu

595

Pro

Gly

Gln

Ala

Thr

675

Tyr

Pro

Tyr

Arg

Pro
755

Pro

Val

Tyr

Ser

Leu

420

Val

Gly

Gly

Ile

Asp

500

Ala

Thr

Asn

Ile

Glu

580

Glu

Ala

Thr

Asp

Gly

660

Phe

Ser

Pro

Ile

Ala
740

His

Val

Asn

Ser

Asp

405

Leu

Ala

Cys

Ser

Gln

485

Asn

Thr

Val

Ala

Val

565

His

Ser

Gly

Asp

Phe

645

Ile

Glu

Pro

Ser

Lys

725

Ala

Ala

Ala

Phe

Lys

390

His

Lys

Val

Ala

Gly

470

Ser

Tyr

Cys

Asp

Asp

550

Val

Pro

Gly

Arg

Ile

630

Thr

Glu

Tyr

Thr

Gln

710

Thr

Ser

Arg

Ser

Asn Ala Trp Thr His Asp Thr Tyr Gly
375 380

Glu Asp Tyr Glu Gln Val Asn Trp His
395

Asn Lys Leu Ile Arg Glu Thr Ala Ala
410 415

Asn Asn Phe His Ala Leu Pro Leu Lys
425 430

Val Gly Gln Asp Ala Gly Pro Asn Pro
440 445

Asp Arg Gly Cys Asp Gln Gly Thr Leu
455 460

Ser Thr Glu Phe Pro Tyr Leu Val Thr
475

Lys Val Leu Glu Tyr Gly Gly Arg Tyr
490 495

Asp Asp Asn Ala Ile Leu Ser Leu Val
505 510

Ile Val Phe Ala Asn Ala Asp Ser Gly
520 525

Asn Asn Trp Gly Asp Arg Asn Asn Leu
535 540

Gln Val Ile Ser Thr Val Ser Ser Arg
555

Leu His Ser Val Gly Pro Val Leu Leu
570 575

Asn Ile Thr Ala Ile Val Trp Ala Gly
585 590

Asn Ala Leu Val Asp Ile Leu Trp Gly
600 605

Thr Pro Phe Thr Trp Ala Lys Ser Arg
615 620

Met Tyr Glu Pro Asn Asn Gly Gln Arg
635

Glu Ser Ile Tyr Leu Asp Tyr Arg His
650 655

Pro Ile Tyr Glu Phe Gly Phe Gly Leu
665 670

Ser Asp Leu Arg Val Val Lys Lys Tyr
680 685

Thr Gly Thr Gly Ala Gln Ala Pro Ser
695 700

Asn Leu Asp Thr Tyr Lys Phe Pro Ala
715

Phe Ile Tyr Pro Tyr Leu Asn Ser Thr
730 735

Lys Asp Pro Glu Tyr Gly Arg Thr Asp
745 750

Asp Gly Ser Pro Gln Pro Leu Asn Pro
760 765

Gly Gly Asn Asn Met Leu Tyr Asp Glu
775 780

Tyr

Val

400

Lys

Gln

Lys

Ala

Pro

480

Glu

Ser

Glu

Thr

Cys

560

Asn

Met

Asn

Glu

Ala

640

Phe

Ser

Val

Ile

Thr

720

Val

Phe

Ala

Leu
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174

Tyr

785

Glu

Gln

Thr

Glu

Gly
865

<210>
<211>
<212>
<213>

<400>

atgaggttca ctttgatcga

Glu

Val

Leu

Phe

Ala

850

Arg

Val

Val

Arg

Arg

835

Gln

Ser

gaattggect

gegcaggeat

aatctgacca

cceegattygyg

gactacaact

gcatacctte

ttgggtccag

ttctecccag

gatgctggtg

caggcgectyg

gatgataaga

gCtggCgCtg

tacactctga

tgggctgete

ggagacgtcg

ctcaacggaa

tactacaagg

gatgaatacg

tacgtgaatg

gtgctectea

atcggagaag

gacaatggaa

acccecgage

accgataact

gtctttgtea

cgcaggaacc

Thr

Gln

Asn

820

Ala

Asn

Ser

SEQUENCE :

actccccacce

accagcgege

caggaactgg

gagttccggg

ctgetttece

dcggcaagge

ctgeeggece

accctgecect

tggttgecgac

aagcccaagg

ctatgcacga

tgatgtgete

acaagctgcet

accatgctgg

actacgacag

cggtgeccca

tcggeegtga

gctacaagta
tgcaacgcaa

agaacgacgg

atgcgggete

cattggcgat

aggccatcte

gggctatcga

acgccgacte

tgaccetgtyg

Ala

Leu

805

Phe

Thr

Trp

Arg

SEQ ID NO 57
LENGTH:
TYPE: DNA
ORGANISM: Aspergillus

2583

57

Gln

790

Tyr

Asp

Leu

Arg

Asp
870

Ile

Val

Arg

Thr

Val

855

Leu

Lys Asn Thr Gly

Asp L

Phe T
8

795

eu Gly Gly
810

vyr Leu Leu
25

Arg Arg Asp Leu

840

Thr G

Pro L

niger

ggeggtgget
gtattaccca
tgttgatatt
atgggaattg
aatgtgttta
tgcecggeatyg
tatgggtcag
tcteggtaga
aagtggtgtg
ggctaagcac
ttttggattt
getgtaccte
ctacaaccag
caaggccgag
tgtgagtggt
tggtacgtct
atggcgtgtt
cegtetgtygyg
ctactacgtyg
ccacagcgaa
cgctetgect

caacccttat

gggctgggga

aaacgaggtyg

tcagattgag

tggtgagggt

daggaacggce

lu Ser Pro

eu Ser Ser
875

ctgactgeeg

tccecttggy

gtctegcaaa

gaactatgtyg

caggatagecc

aacgtggcetyg

gaatttagtyg

agtcccgacyg

ctectttgeeyg

tacattgett

aatatttceg

tggcecetteg

atcaacaaca

ctgggettee

getttggeag

tactggggta

gatgacatgg

actcctecca

tcggagggac

ctgattegee

ttgactggta

ggtgccaacy

agtggtactg

cttaagcaca

gegettgeta

tacatcaatg

gataatgtga

Asp Val Ala

Asp Asn Pro

Pro Gly Gln

830

Ser Asn Trp
845

Lys Arg Val
860

Gln Leu Glu

tctegetgge
ccaatggeca
tgacattgga
ttggtcagac
ctctgggegt
caacctggga
acaagggtgce
gtggtcegtaa
agaccatcaa
acgagcaaga
agagtggaag
cggatgecat
gttatggetg
agggctttgt
gattggatat
caaacttgac
ctgtcegeat
acttcagetce
cgtacgagaa
gecattggage
aggagcgect
getgcagtga
ccaacttece
agaatggtgt
agaccgccag
tggacggaaa

tcaaggctge

Gly Asp
800

Pro Arg
815

Ser Ser

Asp Ile

Tyr Val

cagcgetgat
gggcgactgg
tgagaaggtc
tggcggtgtt
tcgegactee
caagaatctyg
cgatatccaa
ctgggaggge
gggtatccaa
gecatttcegt
tgcgaaccte
cegtgecaggt
ccagaacage
catgagtgat
gtctatgcca
cattagcgtyg
catggccgee
atggaccaga
ggtcaaccag
ggacagcacg
ggtegegett
cegtggatge
atacctggty
attcaccgee

tgtctetett

cctgggtgac

tgctagcaac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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176

-continued
tgcaacaaca caatcgttgt cattcactct gtcggaccag tcttggttaa cgagtggtac 1680
gacaacccca atgttaccge tatcctetgg ggtggtttge ccggtcagga gtcetggcaac 1740
tctettgeeg acgtecteta tggccegtgte aaccccggtg ccaagtcgece ctttacctgg 1800
ggcaagactce gtgaggccta ccaagactac ttggtcaccg agcccaacaa cggcaacgga 1860
gccectcagyg aagactttgt cgagggegtce ttcattgact accgtggatt tgacaagcgce 1920
aacgagaccce cgatctacga gttcggctat ggtctgaget acaccacttt caactactcg 1980
aaccttgagg tgcaggtgct gagcgcccct gcatacgagce ctgcttcggg tgagaccgag 2040
gcagcgccaa ccttcecggaga ggttggaaat gecgtcggatt acctctaccce cagecggattg 2100
cagagaatta ccaagttcat ctacccctgg ctcaacggta ccgatctcga ggcatcttcece 2160
ggggatgcta gctacgggca ggactcctcecce gactatctte ccgagggagce caccgatgge 2220
tctgcgcaac cgatcctgece tgeccggtgge ggtectggeg gcaacccteg cctgtacgac 2280
gagctcatce gegtgtcagt gaccatcaag aacaccggca aggttgctgg tgatgaagtt 2340
cceccaactgt atgtttcect tggcggtcce aatgagcecca agatcgtget gegtcaattce 2400
gagcgcatca cgctgcagee gtcggaggag acgaagtgga gcacgactcet gacgegeegt 2460
gaccttgcaa actggaatgt tgagaagcag gactgggaga ttacgtcgta tcccaagatg 2520
gtgtttgteg gaagctceccte gcggaagetg cecgctecggg cgtcectcetgece tactgttceac 2580
taa 2583

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 58
H: 860
PRT

ISM: Aspergillus nige

<400> SEQUENCE: 58

Met Arg Phe
1

Ala Ser Ala
Trp Ala Asn
35

Asp Ile Val
50

Gly Thr Gly
65

Pro Arg Leu

Val Arg Asp

Ala Ala Thr
115

Gly Gln Glu
130

Ala Gly Pro
145

Phe Ser Pro

Lys Gly Ile

Thr Leu Ile Glu Ala

Asp Glu Leu Ala Tyr

20

Gly Gln Gly Asp Trp

40

Ser Gln Met Thr Leu

55

Trp Glu Leu Glu Leu

70

Gly Val Pro Gly Met

85

Ser Asp Tyr Asn Ser

100

Trp Asp Lys Asn Leu

120

Phe Ser Asp Lys Gly

135

Leu Gly Arg Ser Pro
150

Asp Pro Ala Leu Ser

165

Gln Asp Ala Gly Val

180

T

Val

Ser

25

Ala

Asp

Cys

Cys

Ala

105

Ala

Ala

Asp

Gly

Val
185

Ala

10

Pro

Gln

Glu

Val

Leu

90

Phe

Tyr

Asp

Gly

Val
170

Ala

Leu

Pro

Ala

Lys

Gly

75

Gln

Pro

Leu

Ile

Gly
155

Leu

Thr

Thr Ala Val
Tyr Tyr Pro
30

Tyr Gln Arg
45

Val Asn Leu
60

Gln Thr Gly

Asp Ser Pro

Ala Gly Met
110

Arg Gly Lys
125

Gln Leu Gly
140

Arg Asn Trp

Phe Ala Glu

Ala Lys His
190

Ser Leu
15

Ser Pro

Ala Val

Thr Thr

Gly Val
80

Leu Gly
95

Asn Val

Ala Met

Pro Ala

Glu Gly

160

Thr Ile
175

Tyr Ile
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178

Ala

Gly

Met

225

Ala

Cys

Phe

Ser

Tyr

305

Leu

Ile

Pro

Tyr

Gln

385

Leu

Asn

Trp

Ala

465

Thr

Ser

Asn

Asn

Ile

545

Asp

Glu

Gly

Asp

Tyr

Phe

210

His

Gly

Gln

Gln

Gly

290

Asp

Asn

Met

Asn

Val

370

Arg

Leu

Val

Gly

Gly

450

Ile

Asp

Val

Val

Gly

530

Val

Asn

Ser

Ala

Tyr

Glu

195

Asn

Glu

Ala

Asn

Gly

275

Ala

Ser

Gly

Ala

Phe

355

Ser

Asn

Leu

Ala

Cys

435

Ser

Ser

Asn

Ser

Asp

515

Asp

Val

Pro

Gly

Lys

595

Leu

Gln

Ile

Leu

Val

Ser

260

Phe

Leu

Gly

Thr

Ala

340

Ser

Glu

His

Lys

Leu

420

Ser

Gly

Asn

Trp

Leu

500

Gly

Asn

Ile

Asn

Asn
580

Ser

Val

Glu

Ser

Tyr

Met

245

Tyr

Val

Ala

Thr

Val

325

Tyr

Ser

Gly

Ser

Asn

405

Ile

Asp

Thr

Glu

Ala

485

Val

Asn

Val

His

Val
565
Ser

Pro

Thr

His

Glu

Leu

230

Cys

Thr

Met

Gly

Ser

310

Pro

Tyr

Trp

Pro

Glu

390

Asp

Gly

Arg

Ala

Val

470

Ile

Phe

Leu

Ile

Ser

550

Thr

Leu

Phe

Glu

Phe

Ser

215

Trp

Ser

Leu

Ser

Leu

295

Tyr

Gln

Lys

Thr

Tyr

375

Leu

Gly

Glu

Gly

Asn

455

Leu

Asp

Val

Gly

Lys

535

Val

Ala

Ala

Thr

Pro

Arg

200

Gly

Pro

Tyr

Asn

Asp

280

Asp

Trp

Trp

Val

Arg

360

Glu

Ile

Ala

Asp

Cys

440

Phe

Lys

Gln

Asn

Asp

520

Ala

Gly

Ile

Asp

Trp

600

Asn

Gln

Ser

Phe

Asn

Lys

265

Trp

Met

Gly

Arg

Gly

345

Asp

Lys

Arg

Leu

Ala

425

Asp

Pro

His

Ile

Ala

505

Arg

Ala

Pro

Leu

Val
585

Gly

Asn

Ala

Ala

Ala

Gln

250

Leu

Ala

Ser

Thr

Val

330

Arg

Glu

Val

Arg

Pro

410

Gly

Asn

Tyr

Lys

Glu

490

Asp

Arg

Ala

Val

Trp
570
Leu

Lys

Gly

Pro

Asn

Asp

235

Ile

Leu

Ala

Met

Asn

315

Asp

Asp

Tyr

Asn

Ile

395

Leu

Ser

Gly

Leu

Asn

475

Ala

Ser

Asn

Ser

Leu

555

Gly

Tyr

Thr

Asn

Glu

Leu

220

Ala

Asn

Lys

His

Pro

300

Leu

Asp

Arg

Gly

Gln

380

Gly

Thr

Asn

Thr

Val

460

Gly

Leu

Gly

Leu

Asn

540

Val

Gly

Gly

Arg

Gly

Ala

205

Asp

Ile

Asn

Ala

His

285

Gly

Thr

Met

Leu

Tyr

365

Tyr

Ala

Gly

Pro

Leu

445

Thr

Val

Ala

Glu

Thr

525

Cys

Asn

Leu

Arg

Glu
605

Ala

Gln

Asp

Arg

Ser

Glu

270

Ala

Asp

Ile

Ala

Trp

350

Lys

Val

Asp

Lys

Tyr

430

Ala

Pro

Phe

Lys

Gly

510

Leu

Asn

Glu

Pro

Val
590

Ala

Pro

Gly

Lys

Ala

Tyr

255

Leu

Gly

Val

Ser

Val

335

Thr

Tyr

Asn

Ser

Glu

415

Gly

Met

Glu

Thr

Thr

495

Tyr

Trp

Asn

Trp

Gly

575

Asn

Tyr

Gln

Phe

Thr

Gly

240

Gly

Gly

Val

Asp

Val

320

Arg

Pro

Tyr

Val

Thr

400

Arg

Ala

Gly

Gln

Ala

480

Ala

Ile

Arg

Thr

Tyr

560

Gln

Pro

Gln

Glu
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179 180

-continued

610 615 620

Asp Phe Val Glu Gly Val Phe Ile Asp Tyr Arg Gly Phe Asp Lys Arg
625 630 635 640

Asn Glu Thr Pro Ile Tyr Glu Phe Gly Tyr Gly Leu Ser Tyr Thr Thr
645 650 655

Phe Asn Tyr Ser Asn Leu Glu Val Gln Val Leu Ser Ala Pro Ala Tyr
660 665 670

Glu Pro Ala Ser Gly Glu Thr Glu Ala Ala Pro Thr Phe Gly Glu Val
675 680 685

Gly Asn Ala Ser Asp Tyr Leu Tyr Pro Ser Gly Leu Gln Arg Ile Thr
690 695 700

Lys Phe Ile Tyr Pro Trp Leu Asn Gly Thr Asp Leu Glu Ala Ser Ser
705 710 715 720

Gly Asp Ala Ser Tyr Gly Gln Asp Ser Ser Asp Tyr Leu Pro Glu Gly
725 730 735

Ala Thr Asp Gly Ser Ala Gln Pro Ile Leu Pro Ala Gly Gly Gly Pro
740 745 750

Gly Gly Asn Pro Arg Leu Tyr Asp Glu Leu Ile Arg Val Ser Val Thr
755 760 765

Ile Lys Asn Thr Gly Lys Val Ala Gly Asp Glu Val Pro Gln Leu Tyr
770 775 780

Val Ser Leu Gly Gly Pro Asn Glu Pro Lys Ile Val Leu Arg Gln Phe
785 790 795 800

Glu Arg Ile Thr Leu Gln Pro Ser Glu Glu Thr Lys Trp Ser Thr Thr
805 810 815

Leu Thr Arg Arg Asp Leu Ala Asn Trp Asn Val Glu Lys Gln Asp Trp
820 825 830

Glu Ile Thr Ser Tyr Pro Lys Met Val Phe Val Gly Ser Ser Ser Arg
835 840 845

Lys Leu Pro Leu Arg Ala Ser Leu Pro Thr Val His
850 855 860

<210> SEQ ID NO 59

<211> LENGTH: 2583

<212> TYPE: DNA

<213> ORGANISM: Aspergillus aculeatus

<400> SEQUENCE: 59

atgaagctca gttggettga ggeggetgee ttgacggetg cttecagtegt cagegetgat 60
gaactggegt tctctectece tttetaccce teteegtggg ccaatggeca gggagagtgg 120
geggaagect accagegtge agtggecatt gtatcccaga tgactctgga tgagaaggtce 180
aacctgacca ccggaactgg atgggagetyg gagaagtgeg teggtcagac tggtggtgte 240
ccaagactga acatcggtgg catgtgtett caggacagtce ccttgggaat tcegtgatagt 300
gactacaatt cggctttcece tgctggtgte aacgttgetg cgacatggga caagaacctt 360
gettatctac gtggtcagge tatgggtcaa gagttcagtg acaaaggaat tgatgttcaa 420

ttgggaccgyg ccgegggtece ccteggecagg agecctgatg gaggtegcaa ctgggaaggt 480

ttctectecag acceggetet tactggtgtyg ctetttgegg agacgattaa gggtattcaa 540
gacgctggtyg tcgtggegac agccaagcat tacattctca atgagcaaga geatttecge 600
caggtcgcag aggctgeggg ctacggatte aatatcteeg acacgatcag ctctaacgtt 660

gatgacaaga ccattcatga aatgtacctce tggccctteg cggatgeegt tegegecgge 720
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182

-continued
gttggcgeca tcatgtgtte ctacaaccag atcaacaaca gctacggttg ccagaacagt 780
tacactctga acaagcttct gaaggccgag cteggcettece agggetttgt gatgtctgac 840
tggggtgcte accacagtgg tgttggetcet getttggeeyg gettggatat gtcaatgect 900
ggcgatatca ccttecgatte tgccactagt ttetggggta ccaacctgac cattgetgtg 960
ctcaacggta ccgtcccgceca gtggcecgegtt gacgacatgg ctgtccgtat catggctgece 1020
tactacaagg ttggccgcga ccgcectgtac cageccgecta acttcagcte ctggactege 1080
gatgaatacg gcttcaagta tttctacccc caggaagggc cctatgagaa ggtcaatcac 1140
tttgtcaatg tgcagcgcaa ccacagcgag gttattcgca agttgggagce agacagtact 1200
gttctactga agaacaacaa tgccctgccg ctgaccggaa aggagcgcaa agttgcgatce 1260
ctgggtgaag atgctggatc caactcgtac ggtgccaatg gectgctctga ccegtggetgt 1320
gacaacggta ctcttgctat ggettggggt agcggcactg ccgaattccce atatctegtg 1380
acccctgage aggctattca agccgaggtg ctcaagcata agggcagcgt ctacgccatce 1440
acggacaact gggcgctgag ccaggtggag accctcgcta aacaagccag tgtctcetcett 1500
gtatttgtca actcggacgc gggagagggce tatatctceg tggacggaaa cgagggcgac 1560
cgcaacaacce tcaccctetg gaagaacgge gacaacctca tcaaggctge tgcaaacaac 1620
tgcaacaaca ccatcgttgt catccactce gttggacctg ttttggttga cgagtggtat 1680
gaccaccecca acgttactge catcctetgg gegggcttge ctggccagga gtcetggcaac 1740
tcettggetg acgtgcteta cggccgegte aacccgggceg ccaaatctece attcacctgg 1800
ggcaagacga gggaggcgta cggggattac cttgtcegtg agctcaacaa cggcaacgga 1860
gctececcaag atgatttcte ggaaggtgtt ttcattgact accgcggatt cgacaagcgce 1920
aatgagaccc cgatctacga gttcggacat ggtctgaget acaccacttt caactactcet 1980
ggccttcaca tccaggttct caacgcttece tccaacgctce aagtagccac tgagactgge 2040
gccgeteeca cctteggaca agtceggcaat gectctgact acgtgtaccce tgagggattg 2100
accagaatca gcaagttcat ctatccctgg cttaattcecca cagacctgaa ggcctcatct 2160
ggcgaccegt actatggagt cgacaccgceg gagcacgtge ccgagggtgce tactgatgge 2220
tcteegecage cegttectgece tgececggtggt ggetcectggtg gtaacccgeg cctcectacgat 2280
gagttgatcc gtgtttceggt gacagtcaag aacactggtc gtgttgcecgg tgatgctgtg 2340
cctcaattgt atgtttcecct tggtggacce aatgagccca aggttgtgtt gegcaaattce 2400
gaccgecteca cectcaagece ctcecgaggag acggtgtgga cgactaccct gacccgecege 2460
gatctgtcta actgggacgt tgcggctcag gactgggtca tcacttcectta cccgaagaag 2520
gtccatgttyg gtagctcectte gcgtcagetg ccecccttcacyg cggcgctece gaaggtgcaa 2580
tga 2583
<210> SEQ ID NO 60
<211> LENGTH: 860
<212> TYPE: PRT
<213> ORGANISM: Aspergillus aculeatus

<400> SEQUENCE: 60

Met Lys Leu Ser Trp Leu Glu

1

Val Ser Ala Asp Glu Leu Ala

Trp Ala Asn Gly Gln Gly Glu

5

20

10

25

30

Ala Ala Ala Leu Thr Ala Ala Ser Val

15

Phe Ser Pro Pro Phe Tyr Pro Ser Pro

Trp Ala Glu Ala Tyr Gln Arg Ala Val
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183

-continued

184

Ala

Gly

65

Pro

Ile

Ala

Gly

Ala

145

Phe

Lys

Leu

Gly

Ile

225

Cys

Phe

Gly

Phe

305

Leu

Ile

Pro

Tyr

Gln

385

Lys

Asn

Trp

Ile

50

Thr

Arg

Arg

Ala

Gln

130

Gly

Ser

Gly

Asn

Phe

210

His

Gly

Gln

Gln

Ser

290

Asp

Asn

Met

Asn

Pro

370

Arg

Leu

Val

Gly

Gly
450

35

Val

Gly

Leu

Asp

Thr

115

Glu

Pro

Pro

Ile

Glu

195

Asn

Glu

Ala

Asn

Gly

275

Ala

Ser

Gly

Ala

Phe

355

Gln

Asn

Leu

Ala

Cys
435

Ser

Ser

Trp

Asn

Ser

100

Trp

Phe

Leu

Asp

Gln

180

Gln

Ile

Met

Ile

Ser

260

Phe

Leu

Ala

Thr

Ala

340

Ser

Glu

His

Lys

Ile
420

Ser

Gly

Gln

Glu

Ile

85

Asp

Asp

Ser

Gly

Pro

165

Asp

Glu

Ser

Tyr

Met

245

Tyr

Val

Ala

Thr

Val

325

Tyr

Ser

Gly

Ser

Asn
405
Leu

Asp

Thr

Met

Leu

70

Gly

Tyr

Lys

Asp

Arg

150

Ala

Ala

His

Asp

Leu

230

Cys

Thr

Met

Gly

Ser

310

Pro

Tyr

Trp

Pro

Glu

390

Asn

Gly

Arg

Ala

40 45

Thr Leu Asp Glu Lys Val Asn Leu Thr
55 60

Glu Lys Cys Val Gly Gln Thr Gly Gly
75

Gly Met Cys Leu Gln Asp Ser Pro Leu
90 95

Asn Ser Ala Phe Pro Ala Gly Val Asn
105 110

Asn Leu Ala Tyr Leu Arg Gly Gln Ala
120 125

Lys Gly Ile Asp Val Gln Leu Gly Pro
135 140

Ser Pro Asp Gly Gly Arg Asn Trp Glu
155

Leu Thr Gly Val Leu Phe Ala Glu Thr
170 175

Gly Val Val Ala Thr Ala Lys His Tyr
185 190

Phe Arg Gln Val Ala Glu Ala Ala Gly
200 205

Thr Ile Ser Ser Asn Val Asp Asp Lys
215 220

Trp Pro Phe Ala Asp Ala Val Arg Ala
235

Ser Tyr Asn Gln Ile Asn Asn Ser Tyr
250 255

Leu Asn Lys Leu Leu Lys Ala Glu Leu
265 270

Ser Asp Trp Gly Ala His His Ser Gly
280 285

Leu Asp Met Ser Met Pro Gly Asp Ile
295 300

Phe Trp Gly Thr Asn Leu Thr Ile Ala
315

Gln Trp Arg Val Asp Asp Met Ala Val
330 335

Lys Val Gly Arg Asp Arg Leu Tyr Gln
345 350

Thr Arg Asp Glu Tyr Gly Phe Lys Tyr
360 365

Tyr Glu Lys Val Asn His Phe Val Asn
375 380

Val Ile Arg Lys Leu Gly Ala Asp Ser
395

Asn Ala Leu Pro Leu Thr Gly Lys Glu
410 415

Glu Asp Ala Gly Ser Asn Ser Tyr Gly
425 430

Gly Cys Asp Asn Gly Thr Leu Ala Met
440 445

Glu Phe Pro Tyr Leu Val Thr Pro Glu
455 460

Thr

Val

80

Gly

Val

Met

Ala

Gly

160

Ile

Ile

Tyr

Thr

Gly

240

Gly

Gly

Val

Thr

Val

320

Arg

Pro

Phe

Val

Thr

400

Arg

Ala

Ala

Gln
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185

-continued

186

Ala

465

Thr

Ser

Ser

Asn

Ile

545

Asp

Glu

Gly

Asp

Asp

625

Asn

Phe

Ala

Gly

Lys

705

Gly

Ala

Gly

Leu

Gln

Ile

Asp

Val

Val

Gly

530

Val

His

Ser

Ala

Tyr

610

Phe

Glu

Asn

Gln

Asn

690

Phe

Asp

Thr

Gly

Lys

770

Ser

Arg

Thr

Ile

Leu
850

Gln

Asn

Ser

Asp

515

Asp

Val

Pro

Gly

Lys

595

Leu

Ser

Thr

Tyr

Val

675

Ala

Ile

Pro

Asp

Asn

755

Asn

Leu

Leu

Arg

Thr

835

Pro

Ala

Trp

Leu

500

Gly

Asn

Ile

Asn

Asn

580

Ser

Val

Glu

Pro

Ser

660

Ala

Ser

Tyr

Tyr

Gly

740

Pro

Thr

Gly

Thr

Arg
820

Ser

Leu

Glu

Ala

485

Val

Asn

Leu

His

Val

565

Ser

Pro

Arg

Gly

Ile

645

Gly

Thr

Asp

Pro

Tyr

725

Ser

Arg

Gly

Gly

Leu
805
Asp

Tyr

His

<210> SEQ ID NO 61

<211> LENGTH:

3294

Val

470

Leu

Phe

Glu

Ile

Ser

550

Thr

Leu

Phe

Glu

Val

630

Tyr

Leu

Glu

Tyr

Trp

710

Gly

Pro

Leu

Arg

Pro

790

Lys

Leu

Pro

Ala

Leu Lys His Lys Gly Ser Val Tyr Ala
475

Ser Gln Val Glu Thr Leu Ala Lys Gln
490 495

Val Asn Ser Asp Ala Gly Glu Gly Tyr
505 510

Gly Asp Arg Asn Asn Leu Thr Leu Trp
520 525

Lys Ala Ala Ala Asn Asn Cys Asn Asn
535 540

Val Gly Pro Val Leu Val Asp Glu Trp
555

Ala Ile Leu Trp Ala Gly Leu Pro Gly
570 575

Ala Asp Val Leu Tyr Gly Arg Val Asn
585 590

Thr Trp Gly Lys Thr Arg Glu Ala Tyr
600 605

Leu Asn Asn Gly Asn Gly Ala Pro Gln
615 620

Phe Ile Asp Tyr Arg Gly Phe Asp Lys
635

Glu Phe Gly His Gly Leu Ser Tyr Thr
650 655

His Ile Gln Val Leu Asn Ala Ser Ser
665 670

Thr Gly Ala Ala Pro Thr Phe Gly Gln
680 685

Val Tyr Pro Glu Gly Leu Thr Arg Ile
695 700

Leu Asn Ser Thr Asp Leu Lys Ala Ser
715

Val Asp Thr Ala Glu His Val Pro Glu
730 735

Gln Pro Val Leu Pro Ala Gly Gly Gly
745 750

Tyr Asp Glu Leu Ile Arg Val Ser Val
760 765

Val Ala Gly Asp Ala Val Pro Gln Leu
775 780

Asn Glu Pro Lys Val Val Leu Arg Lys
795

Pro Ser Glu Glu Thr Val Trp Thr Thr
810 815

Ser Asn Trp Asp Val Ala Ala Gln Asp
825 830

Lys Lys Val His Val Gly Ser Ser Ser
840 845

Ala Leu Pro Lys Val Gln
855 860

Ile

480

Ala

Ile

Lys

Thr

Tyr

560

Gln

Pro

Gly

Asp

Arg

640

Thr

Asn

Val

Ser

Ser

720

Gly

Ser

Thr

Tyr

Phe

800

Thr

Trp

Arg
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-continued
<212> TYPE: DNA
<213> ORGANISM: Aspergillus oryzae
<400> SEQUENCE: 61
atgcgttect ccccectect cecgcteegee gttgtggeceyg cectgceceggt gttggecctt 60
geegetgatyg gecaggtccac ccgetactgg gactgetgea agecttegtg cggetgggece 120
aagaaggctce ccgtgaacca gectgtettt tectgcaacyg ccaacttceca gegtatcacyg 180
gacttcgacyg ccaagtccgg ctgcgagecg ggeggtgteg cctactegtyg cgecgaccag 240
accccatggg ctgtgaacga cgacttegeg cteggttttyg ctgecaccte tattgecgge 300
agcaatgagg cgggcetggtg ctgcgectge tacgagctca ccttcacatce cggtectgtt 360
gctggcaaga agatggtcegt ccagtccacce agcactggeyg gtgatcttgg cagcaaccac 420
ttecgatcteca acatcccegg cggcggegte ggcatctteg acggatgcac tccccagtte 480
ggtggtcetyge ceggecageg ctacggegge atctegtece gecaacgagtg cgatcggtte 540
ccegacgece tcaageccgg ctgctactgg cgettcegact ggttcaagaa cgccgacaat 600
ccgagettea gettecgtca ggtccagtge cecagecgage tegtegeteg caccggatge 660
cgecgeaacyg acgacggcaa cttccctgece gtecagatee ccatgegtte ctecccecte 720
cteegeteeg cegttgtgge cgccctgecg gtgttggece ttgccaagga tgatctegeg 780
tactccccte ctttectacce tteccccatgg gecagatggte agggtgaatyg ggcggaagta 840
tacaaacgcg ctgtagacat agtttcccag atgacgttga cagagaaagt caacttaacg 900
actggaacag gatggcaact agagaggtgt gttggacaaa ctggcagtgt tcccagacte 960

aacatcccca gettgtgttt gcaggatagt cctettggta ttcegtttcecte ggactacaat 1020
tcagctttee ctgcgggtgt taatgtcgct gccacctggg acaagacgct cgcctacctt 1080
cgtggtcagg caatgggtga ggagttcagt gataagggta ttgacgttca gctgggtect 1140
gctgetggee cteteggtge tcatccggat ggcggtagaa actgggaagg tttcetcacca 1200
gatccageece tcaccggtgt actttttgeg gagacgatta agggtattca agatgctggt 1260
gtcattgcga cagctaagca ttatatcatg aacgaacaag agcatttccg ccaacaaccce 1320
gaggctgegg gttacggatt caacgtaagc gacagtttga gttccaacgt tgatgacaag 1380
actatgcatg aattgtacct ctggccctte gcggatgcag tacgcgctgg agtcggtgcet 1440
gtcatgtgct cttacaacca aatcaacaac agctacggtt gcgagaatag cgaaactctg 1500
aacaagcttt tgaaggcgga gcttggtttce caaggctteg tcatgagtga ttggaccgcet 1560
catcacagcg gcgtaggege tgctttagca ggtctggata tgtcgatgcece cggtgatgtt 1620
accttcgata gtggtacgtce tttctggggt gcaaacttga cggtcggtgt ccttaacggt 1680
acaatccccece aatggcgtgt tgatgacatg gctgtcegta tcatggccge ttattacaag 1740
gttggccgeg acaccaaata caccccteccecce aacttcaget cgtggaccag ggacgaatat 1800
ggtttcgege ataaccatgt ttceggaaggt gcecttacgaga gggtcaacga attcgtggac 1860
gtgcaacgcg atcatgccga cctaatcegt cgcatcggeg cgcagagcac tgttcectgetg 1920
aagaacaagg gtgccttgece cttgageccge aaggaaaagce tggtcgccct tetgggagag 1980
gatgcgggtt ccaactcgtg gggcgctaac ggctgtgatg accgtggttg cgataacggt 2040
acccttgeca tggectgggg tagcggtact gcgaatttcece catacctcegt gacaccagag 2100
caggcgattc agaacgaagt tcttcagggc cgtggtaatg tcttecgccgt gaccgacagt 2160

tgggcgcecteg acaagatcgce tgcggctgce cgccaggceca gcgtatctet cgtgttegte 2220
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190

-continued
aactccgact caggagaagg ctatcttagt gtggatggaa atgagggcga tcgtaacaac 2280
atcactctgt ggaagaacgg cgacaatgtg gtcaagaccg cagcgaataa ctgtaacaac 2340
accgttgtca tcatccacte cgtcggacca gttttgatcg atgaatggta tgaccacccce 2400
aatgtcactg gtattctctg ggctggtctg ccaggccagg agtctggtaa ctcecattgece 2460
gatgtgctgt acggtcgtgt caaccctgge gccaagtcte ctttcacttg gggcaagacce 2520
cgggagtcgt atggttctece cttggtcaag gatgccaaca atggcaacgg agcgccccag 2580
tctgatttca cccagggtgt tttcatcgat taccgccatt tcgataagtt caatgagacc 2640
cctatctacg agtttggcta cggcttgage tacaccacct tcgagctcte cgacctcecat 2700
gttcagccee tgaacgcgte ccgatacact cccaccagtg gcatgactga agctgcaaag 2760
aactttggtg aaattggcga tgcgtcggag tacgtgtatc cggaggggct ggaaaggatc 2820
catgagttta tctatccctg gatcaactct accgacctga aggcatcgte tgacgattct 2880
aactacggct gggaagactc caagtatatt cccgaaggcg ccacggatgg gtcectgcccag 2940
cceegtttge cecgctagtgg tggtgccgga ggaaacccecg gtctgtacga ggatctttte 3000
cgegtetetg tgaaggtcaa gaacacgggce aatgtcgecg gtgatgaagt tectcagetg 3060
tacgtttcece taggcggecc gaatgagccce aaggtggtac tgcgcaagtt tgagcegtatt 3120
cacttggccce cttegcagga ggccgtgtgg acaacgaccce ttaccecgteg tgaccttgcea 3180
aactgggacg tttcggctca ggactggacc gtcactcecctt accccaagac gatctacgtt 3240
ggaaactcct cacggaaact gccgctcecag gectecgcectge ctaaggccca gtaa 3294

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 62
H: 1097
PRT

<213> ORGANISM: Aspergillus oryz

<400> SEQUENCE: 62

Met Arg Ser
1

Val Leu Ala
Cys Lys Pro
35

Val Phe Ser
50

Lys Ser Gly
65

Thr Pro Trp

Ser Ile Ala

Leu Thr Phe
115

Ser Thr Ser
130

Ile Pro Gly
145

Gly Gly Leu

Cys Asp Arg

Ser Pro Leu Leu Arg

Leu Ala Ala Asp Gly

20

Ser Cys Gly Trp Ala

40

Cys Asn Ala Asn Phe

55

Cys Glu Pro Gly Gly

70

Ala Val Asn Asp Asp

85

Gly Ser Asn Glu Ala

100

Thr Ser Gly Pro Val

120

Thr Gly Gly Asp Leu

135

Gly Gly Val Gly Ile
150

Pro Gly Gln Arg Tyr

165

Phe Pro Asp Ala Leu

180

ae

Ser Ala Val
10

Arg Ser Thr

Lys Lys Ala

Gln Arg Ile

Val Ala Tyr
75

Phe Ala Leu
Gly Trp Cys
105

Ala Gly Lys

Gly Ser Asn

Phe Asp Gly
155

Gly Gly Ile
170

Lys Pro Gly
185

Val Ala Ala

Arg Tyr Trp

Pro Val Asn

45

Thr Asp Phe
60

Ser Cys Ala

Gly Phe Ala

Cys Ala Cys
110

Lys Met Val
125

His Phe Asp
140

Cys Thr Pro

Ser Ser Arg

Cys Tyr Trp
190

Leu Pro
15

Agsp Cys

Gln Pro

Asp Ala

Asp Gln

80

Ala Thr

Tyr Glu

Val Gln

Leu Asn

Gln Phe
160

Asn Glu
175

Arg Phe
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191

-continued

192

Asp

Gln

Asp

225

Leu

Asp

Gly

Ser

Trp

305

Asn

Ser

Trp

Phe

Leu

385

Asp

Gln

Gln

Leu
465

Ser

Phe

Leu

Gly

545

Thr

Ala

Ser

Trp

Cys

210

Gly

Arg

Asp

Gln

Gln

290

Gln

Ile

Asp

Asp

Ser

370

Gly

Pro

Asp

Glu

Ser

450

Tyr

Met

Glu

Val

Ala

530

Thr

Ile

Tyr

Ser

Phe

195

Pro

Asn

Ser

Leu

Gly

275

Met

Leu

Pro

Tyr

Lys

355

Asp

Ala

Ala

Ala

His

435

Asp

Leu

Cys

Thr

Met

515

Gly

Ser

Pro

Tyr

Trp
595

Lys

Ala

Phe

Ala

Ala

260

Glu

Thr

Glu

Ser

Asn

340

Thr

Lys

His

Leu

Gly

420

Phe

Ser

Trp

Ser

Leu

500

Ser

Leu

Phe

Gln

Lys

580

Thr

Asn

Glu

Pro

Val

245

Tyr

Trp

Leu

Arg

Leu

325

Ser

Leu

Gly

Pro

Thr

405

Val

Arg

Leu

Pro

Tyr

485

Asn

Asp

Asp

Trp

Trp

565

Val

Arg

Ala

Leu

Ala

230

Val

Ser

Ala

Thr

Cys

310

Cys

Ala

Ala

Ile

Asp

390

Gly

Ile

Gln

Ser

Phe

470

Asn

Lys

Trp

Met

Gly
550
Arg

Gly

Asp

Asp Asn Pro Ser Phe Ser Phe Arg Gln
200 205

Val Ala Arg Thr Gly Cys Arg Arg Asn
215 220

Val Gln Ile Pro Met Arg Ser Ser Pro
235

Ala Ala Leu Pro Val Leu Ala Leu Ala
250 255

Pro Pro Phe Tyr Pro Ser Pro Trp Ala
265 270

Glu Val Tyr Lys Arg Ala Val Asp Ile
280 285

Glu Lys Val Asn Leu Thr Thr Gly Thr
295 300

Val Gly Gln Thr Gly Ser Val Pro Arg
315

Leu Gln Asp Ser Pro Leu Gly Ile Arg
330 335

Phe Pro Ala Gly Val Asn Val Ala Ala
345 350

Tyr Leu Arg Gly Gln Ala Met Gly Glu
360 365

Asp Val Gln Leu Gly Pro Ala Ala Gly
375 380

Gly Gly Arg Asn Trp Glu Gly Phe Ser
395

Val Leu Phe Ala Glu Thr Ile Lys Gly
410 415

Ala Thr Ala Lys His Tyr Ile Met Asn
425 430

Gln Pro Glu Ala Ala Gly Tyr Gly Phe
440 445

Ser Asn Val Asp Asp Lys Thr Met His
455 460

Ala Asp Ala Val Arg Ala Gly Val Gly
475

Gln Ile Asn Asn Ser Tyr Gly Cys Glu
490 495

Leu Leu Lys Ala Glu Leu Gly Phe Gln
505 510

Thr Ala His His Ser Gly Val Gly Ala
520 525

Ser Met Pro Gly Asp Val Thr Phe Asp
535 540

Ala Asn Leu Thr Val Gly Val Leu Asn
555

Val Asp Asp Met Ala Val Arg Ile Met
570 575

Arg Asp Thr Lys Tyr Thr Pro Pro Asn
585 590

Glu Tyr Gly Phe Ala His Asn His Val
600 605

Val

Asp

Leu

240

Lys

Asp

Val

Gly

Leu

320

Phe

Thr

Glu

Pro

Pro

400

Ile

Glu

Asn

Glu

Ala

480

Asn

Gly

Ala

Ser

Gly

560

Ala

Phe

Ser
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194

Glu

His

625

Lys

Leu

Asp

Gly

Asn

705

Trp

Leu

Gly

Asn

Ile

785

Asn

Asn

Ser

Gln

865

Pro

Ser

Ser

Ser

Tyr

945

Asn

Gly

Pro

Thr

Leu

Gly

610

Ala

Asn

Leu

Asp

Thr

690

Glu

Ala

Val

Asn

Val

770

His

Val

Ser

Pro

Lys

850

Gly

Ile

Asp

Gly

Glu

930

Pro

Tyr

Ser

Gly

Ala

Asp

Lys

Gly

Arg

675

Ala

Val

Leu

Phe

Glu

755

Val

Ser

Thr

Ile

Phe

835

Asp

Val

Tyr

Leu

Met

915

Tyr

Trp

Gly

Ala

Leu
995

Tyr

Leu

Gly

Glu

660

Gly

Asn

Leu

Asp

Val

740

Gly

Lys

Val

Gly

Ala

820

Thr

Ala

Phe

Glu

His

900

Thr

Val

Ile

Trp

Gln
980

Tyr

Glu

Ile

Ala

645

Asp

Cys

Phe

Gln

Lys

725

Asn

Asp

Thr

Gly

Ile

805

Asp

Trp

Asn

Ile

Phe

885

Val

Glu

Tyr

Asn

Glu
965

Pro

Glu

Arg

Arg

630

Leu

Ala

Asp

Pro

Gly

710

Ile

Ser

Arg

Ala

Pro

790

Leu

Val

Gly

Asn

Asp

870

Gly

Gln

Ala

Pro

Ser

950

Asp

Arg

Asp

Val

615

Arg

Pro

Gly

Asn

Tyr

695

Arg

Ala

Asp

Asn

Ala

775

Val

Trp

Leu

Lys

Gly

855

Tyr

Tyr

Pro

Ala

Glu

935

Thr

Ser

Leu

Leu

Asn

Ile

Leu

Ser

Gly

680

Leu

Gly

Ala

Ser

Asn

760

Asn

Leu

Ala

Tyr

Thr

840

Asn

Arg

Gly

Leu

Lys

920

Gly

Asp

Lys

Pro

Phe
1000

Glu

Gly

Ser

Asn

665

Thr

Val

Asn

Ala

Gly

745

Ile

Asn

Ile

Gly

Gly

825

Arg

Gly

His

Leu

Asn

905

Asn

Leu

Leu

Tyr

Ala
985

Arg Val Ser Val Lys

Phe

Ala

Arg

650

Ser

Leu

Thr

Val

Ala

730

Glu

Thr

Cys

Asp

Leu

810

Arg

Glu

Ala

Phe

Ser

890

Ala

Phe

Glu

Lys

Ile
970

Ser

Val

Gln

635

Lys

Trp

Ala

Pro

Phe

715

Arg

Gly

Leu

Asn

Glu

795

Pro

Val

Ser

Pro

Asp

875

Tyr

Ser

Gly

Arg

Ala

955

Pro

Gly

Asp

620

Ser

Glu

Gly

Met

Glu

700

Ala

Gln

Tyr

Trp

Asn

780

Trp

Gly

Asn

Tyr

Gln

860

Lys

Thr

Arg

Glu

Ile

940

Ser

Glu

Gly

Val

Thr

Lys

Ala

Ala

685

Gln

Val

Ala

Leu

Lys

765

Thr

Tyr

Gln

Pro

Gly

845

Ser

Phe

Thr

Tyr

Ile

925

His

Ser

Gly

Ala

Gln

Val

Leu

Asn

670

Trp

Ala

Thr

Ser

Ser

750

Asn

Val

Asp

Glu

Gly

830

Ser

Asp

Asn

Phe

Thr

910

Gly

Glu

Asp

Ala

Gly
990

Val Lys Asn

1005

Gly Asn Val Ala Gly Asp Glu Val Pro Gln Leu
1015

1010

Gly Gly Pro Asn Glu Pro

1020

Lys Val Val Leu Arg

Arg

Leu

Val

655

Gly

Gly

Ile

Asp

Val

735

Val

Gly

Val

His

Ser

815

Ala

Pro

Phe

Glu

Glu

895

Pro

Asp

Phe

Asp

Thr
975

Gly

Asp

Leu

640

Ala

Cys

Ser

Gln

Ser

720

Ser

Asp

Asp

Ile

Pro

800

Gly

Lys

Leu

Thr

Thr

880

Leu

Thr

Ala

Ile

Ser

960

Asp

Asn

Tyr Val Ser

Lys Phe Glu
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196

-continued

1025 1030 1035
Arg Ile His Leu Ala Pro Ser Gln Glu Ala Val Trp Thr Thr Thr

1040 1045 1050
Leu Thr Arg Arg Asp Leu Ala Asn Trp Asp Val Ser Ala Gln Asp

1055 1060 1065
Trp Thr Val Thr Pro Tyr Pro Lys Thr Ile Tyr Val Gly Asn Ser

1070 1075 1080
Ser Arg Lys Leu Pro Leu Gln Ala Ser Leu Pro Lys Ala Gln

1085 1090 1095
<210> SEQ ID NO 63
<211> LENGTH: 3294
<212> TYPE: DNA
<213> ORGANISM: Aspergillus oryzae
<400> SEQUENCE: 63
atgcgttect ccccectect cecgcteegee gttgtggeceyg cectgceceggt gttggecctt 60
geegetgatyg gecaggtccac ccgetactgg gactgetgea agecttegtg cggetgggece 120
aagaaggctce ccgtgaacca gectgtettt tectgcaacyg ccaacttceca gegtatcacyg 180
gacttcgacyg ccaagtccgg ctgcgagecg ggeggtgteg cctactegtyg cgecgaccag 240
accccatggg ctgtgaacga cgacttegeg cteggttttyg ctgecaccte tattgecgge 300
agcaatgagg cgggcetggtg ctgcgectge tacgagctca ccttcacatce cggtectgtt 360
gctggcaaga agatggtcegt ccagtccacce agcactggeyg gtgatcttgg cagcaaccac 420
ttecgatcteca acatcccegg cggcggegte ggcatctteg acggatgcac tccccagtte 480
ggtggtcetyge ceggecageg ctacggegge atctegtece gecaacgagtg cgatcggtte 540
ccegacgece tcaageccgg ctgctactgg cgettcegact ggttcaagaa cgccgacaat 600
ccgagettea gettecgtca ggtccagtge cecagecgage tegtegeteg caccggatge 660
cgecgeaacyg acgacggcaa cttccctgece gtecagatee ccatgegtte ctecccecte 720
cteegeteeg cegttgtgge cgccctgecg gtgttggece ttgccaagga tgatctegeg 780
tactccccte ctttectacce tteccccatgg gecagatggte agggtgaatyg ggcggaagta 840
tacaaacgcg ctgtagacat agtttcccag atgacgttga cagagaaagt caacttaacg 900
actggaacag gatggcaact agagaggtgt gttggacaaa ctggcagtgt tcccagacte 960
aacatcccca gettgtgttt gcaggatagt cctettggta ttcegtttcecte ggactacaat 1020
tcagctttee ctgcgggtgt taatgtcgct gccacctggg acaagacgct cgcctacctt 1080
cgtggtcagg caatgggtga ggagttcagt gataagggta ttgacgttca gctgggtect 1140
gctgetggee cteteggtge tcatccggat ggcggtagaa actgggaaag tttcetcacca 1200
gatccageece tcaccggtgt actttttgeg gagacgatta agggtattca agatgctggt 1260
gtcattgcga cagctaagca ttatatcatg aacgaacaag agcatttccg ccaacaaccce 1320
gaggctgegg gttacggatt caacgtaage gacagtttga gttccaacgt tgatgacaag 1380
actatgcatg aattgtacct ctggccctte gcggatgcag tacgcgctgg agtcggtgcet 1440
gttatgtgct cttacaacca aatcaacaac agctacggtt gcgagaatag cgaaactctg 1500
aacaagcttt tgaaggcgga gcttggtttce caaggctteg tcatgagtga ttggaccgcet 1560
caacacagcg gcgtaggege tgctttagca ggtcectggata tgtcgatgcce cggtgatgtt 1620
accttcgata gtggtacgtce tttctggggt gcaaacttga cggtcggtgt ccttaacggt 1680
acaatccccece aatggcgtgt tgatgacatg gctgtcegta tcatggccge ttattacaag 1740
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198

-continued
gttggccgeg acaccaaata caccccteccecce aacttcaget cgtggaccag ggacgaatat 1800
ggtttcgege ataaccatgt ttceggaaggt gcecttacgaga gggtcaacga attcgtggac 1860
gtgcaacgcg atcatgccga cctaatcegt cgcatcggeg cgcagagcac tgttcectgetg 1920
aagaacaagg gtgccttgece cttgageccge aaggaaaagce tggtcgccct tetgggagag 1980
gatgcgggtt ccaactcgtg gggcgctaac ggctgtgatg accgtggttg cgataacggt 2040
acccttgeca tggectgggg tagcggtact gcgaatttcece catacctcegt gacaccagag 2100
caggcgattc agaacgaagt tcttcagggc cgtggtaatg tcttecgccgt gaccgacagt 2160
tgggcgcecteg acaagatcgce tgcggctgce cgccaggceca gcgtatctet cgtgttegte 2220
aactccgact caggagaagg ctatcttagt gtggatggaa atgagggcga tcgtaacaac 2280
atcactctgt ggaagaacgg cgacaatgtg gtcaagaccg cagcgaataa ctgtaacaac 2340
accgttgtca tcatccacte cgtcggacca gttttgatcg atgaatggta tgaccacccce 2400
aatgtcactg gtattctctg ggctggtctg ccaggccagg agtctggtaa ctcecattgece 2460
gatgtgctgt acggtcgtgt caaccctgge gccaagtcte ctttcacttg gggcaagacce 2520
cgggagtcgt atggttctece cttggtcaag gatgccaaca atggcaacgg agcgccccag 2580
tctgatttca cccagggtgt tttcatcgat taccgccatt tcgataagtt caatgagacc 2640
cctatctacg agtttggcta cggcttgage tacaccacct tcgagctcte cgacctcecat 2700
gttcagccee tgaacgcgte ccgatacact cccaccagtg gcatgactga agctgcaaag 2760
aactttggtg aaattggcga tgcgtcggag tacgtgtatc cggaggggct ggaaaggatc 2820
catgagttta tctatccctg gatcaactct accgacctga aggcatcgte tgacgattct 2880
aactacggct gggaagactc caagtatatt cccgaaggcg ccacggatgg gtcectgcccag 2940
cceegtttge cecgctagtgg tggtgccgga ggaaacccecg gtctgtacga ggatctttte 3000
cgegtetetg tgaaggtcaa gaacacgggce aatgtcgecg gtgatgaagt tectcagetg 3060
tacgtttcece taggcggecc gaatgagccce aaggtggtac tgcgcaagtt tgagcegtatt 3120
cacttggccce cttegcagga ggccgtgtgg acaacgaccce ttaccecgteg tgaccttgcea 3180
aactgggacg tttcggctca ggactggacc gtcactcecctt accccaagac gatctacgtt 3240
ggaaactcct cacggaaact gccgctcecag gectecgcectge ctaaggccca gtaa 3294

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 64
H: 1097
PRT

<213> ORGANISM: Aspergillus oryz

<400> SEQUENCE: 64

Met Arg Ser
1

Val Leu Ala
Cys Lys Pro
35

Val Phe Ser
50

Lys Ser Gly
65

Thr Pro Trp

Ser Pro Leu Leu Arg

Leu Ala Ala Asp Gly

20

Ser Cys Gly Trp Ala

40

Cys Asn Ala Asn Phe

55

Cys Glu Pro Gly Gly

70

Ala Val Asn Asp Asp

85

ae

Ser

Arg

25

Lys

Gln

Val

Phe

Ala
10

Ser

Lys

Arg

Ala

Ala
90

Val

Thr

Ala

Ile

Tyr

75

Leu

Val Ala Ala

Arg Tyr Trp

30

Leu Pro
15

Agsp Cys

Pro Val Asn Gln Pro

45

Thr Asp Phe

60

Ser Cys Ala

Gly Phe Ala

Asp Ala
Asp Gln
80

Ala Thr
95
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200

Ser

Leu

Ser

Ile

145

Gly

Cys

Asp

Gln

Asp

225

Leu

Asp

Gly

Ser

Trp

305

Asn

Ser

Trp

Phe

Leu

385

Asp

Gln

Gln

Leu
465

Ser

Phe

Ile

Thr

Thr

130

Pro

Gly

Asp

Trp

Cys

210

Gly

Arg

Asp

Gln

Gln

290

Gln

Ile

Asp

Asp

Ser

370

Gly

Pro

Asp

Glu

Ser

450

Tyr

Met

Glu

Val

Ala

Phe

115

Ser

Gly

Leu

Arg

Phe

195

Pro

Asn

Ser

Leu

Gly

275

Met

Leu

Pro

Tyr

Lys

355

Asp

Ala

Ala

Ala

His

435

Asp

Leu

Cys

Thr

Met

Gly

100

Thr

Thr

Gly

Pro

Phe

180

Lys

Ala

Phe

Ala

Ala

260

Glu

Thr

Glu

Ser

Asn

340

Thr

Lys

His

Leu

Gly

420

Phe

Ser

Trp

Ser

Leu
500

Ser

Ser

Ser

Gly

Gly

Gly

165

Pro

Asn

Glu

Pro

Val

245

Tyr

Trp

Leu

Arg

Leu

325

Ser

Leu

Gly

Pro

Thr

405

Val

Arg

Leu

Pro

Tyr
485

Asn

Asp

Asn

Gly

Gly

Val

150

Gln

Asp

Ala

Leu

Ala

230

Val

Ser

Ala

Thr

Cys

310

Cys

Ala

Ala

Ile

Asp

390

Gly

Ile

Gln

Ser

Phe
470
Asn

Lys

Trp

Glu

Pro

Asp

135

Gly

Arg

Ala

Asp

Val

215

Val

Ala

Pro

Glu

Glu

295

Val

Leu

Phe

Tyr

Asp

375

Gly

Val

Ala

Gln

Ser

455

Ala

Gln

Leu

Thr

Ala

Val

120

Leu

Ile

Tyr

Leu

Asn

200

Ala

Gln

Ala

Pro

Val

280

Lys

Gly

Gln

Pro

Leu

360

Val

Gly

Leu

Thr

Pro

440

Asn

Asp

Ile

Leu

Ala

Gly

105

Ala

Gly

Phe

Gly

Lys

185

Pro

Arg

Ile

Leu

Phe

265

Tyr

Val

Gln

Asp

Ala

345

Arg

Gln

Arg

Phe

Ala

425

Glu

Val

Ala

Asn

Lys
505

Gln

Trp

Gly

Ser

Asp

Gly

170

Pro

Ser

Thr

Pro

Pro

250

Tyr

Lys

Asn

Thr

Ser

330

Gly

Gly

Leu

Asn

Ala

410

Lys

Ala

Asp

Val

Asn
490

Ala

His

Cys

Lys

Asn

Gly

155

Ile

Gly

Phe

Gly

Met

235

Val

Pro

Arg

Leu

Gly

315

Pro

Val

Gln

Gly

Trp

395

Glu

His

Ala

Asp

Arg

475

Ser

Glu

Ser

Cys

Lys

His

140

Cys

Ser

Cys

Ser

Cys

220

Arg

Leu

Ser

Ala

Thr

300

Ser

Leu

Asn

Ala

Pro

380

Glu

Thr

Tyr

Gly

Lys

460

Ala

Tyr

Leu

Gly

Ala

Met

125

Phe

Thr

Ser

Tyr

Phe

205

Arg

Ser

Ala

Pro

Val

285

Thr

Val

Gly

Val

Met

365

Ala

Ser

Ile

Ile

Tyr

445

Thr

Gly

Gly

Gly

Val

Cys

110

Val

Asp

Pro

Arg

Trp

190

Arg

Arg

Ser

Leu

Trp

270

Asp

Gly

Pro

Ile

Ala

350

Gly

Ala

Phe

Lys

Met

430

Gly

Met

Val

Cys

Phe
510

Gly

Tyr

Val

Leu

Gln

Asn

175

Arg

Gln

Asn

Pro

Ala

255

Ala

Ile

Thr

Arg

Arg

335

Ala

Glu

Gly

Ser

Gly

415

Asn

Phe

His

Gly

Glu
495

Gln

Ala

Glu

Gln

Asn

Phe

160

Glu

Phe

Val

Asp

Leu

240

Lys

Asp

Val

Gly

Leu

320

Phe

Thr

Glu

Pro

Pro

400

Ile

Glu

Asn

Glu

Ala
480
Asn

Gly

Ala
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201

-continued

202

Leu

Gly

545

Thr

Ala

Ser

Glu

His

625

Lys

Leu

Asp

Gly

Asn

705

Trp

Leu

Gly

Asn

Ile

785

Asn

Asn

Ser

Gln

865

Pro

Ser

Ser

Ser

Ala

530

Thr

Ile

Tyr

Ser

Gly

610

Ala

Asn

Leu

Asp

Thr

690

Glu

Ala

Val

Asn

Val

770

His

Val

Ser

Pro

Lys

850

Gly

Ile

Asp

Gly

Glu
930

515

Gly

Ser

Pro

Tyr

Trp

595

Ala

Asp

Lys

Gly

Arg

675

Ala

Val

Leu

Phe

Glu

755

Val

Ser

Thr

Ile

Phe

835

Asp

Val

Tyr

Leu

Met
915

Tyr

Leu

Phe

Gln

Lys

580

Thr

Tyr

Leu

Gly

Glu

660

Gly

Asn

Leu

Asp

Val

740

Gly

Lys

Val

Gly

Ala

820

Thr

Ala

Phe

Glu

His
900

Thr

Val

Asp

Trp

Trp

565

Val

Arg

Glu

Ile

Ala

645

Asp

Cys

Phe

Gln

Lys

725

Asn

Asp

Thr

Gly

Ile

805

Asp

Trp

Asn

Ile

Phe
885
Val

Glu

Tyr

Met

Gly

550

Arg

Gly

Asp

Arg

Arg

630

Leu

Ala

Asp

Pro

Gly

710

Ile

Ser

Arg

Ala

Pro

790

Leu

Val

Gly

Asn

Asp

870

Gly

Gln

Ala

Pro

520 525

Ser Met Pro Gly Asp Val Thr Phe Asp
535 540

Ala Asn Leu Thr Val Gly Val Leu Asn
555

Val Asp Asp Met Ala Val Arg Ile Met
570 575

Arg Asp Thr Lys Tyr Thr Pro Pro Asn
585 590

Glu Tyr Gly Phe Ala His Asn His Val
600 605

Val Asn Glu Phe Val Asp Val Gln Arg
615 620

Arg Ile Gly Ala Gln Ser Thr Val Leu
635

Pro Leu Ser Arg Lys Glu Lys Leu Val
650 655

Gly Ser Asn Ser Trp Gly Ala Asn Gly
665 670

Asn Gly Thr Leu Ala Met Ala Trp Gly
680 685

Tyr Leu Val Thr Pro Glu Gln Ala Ile
695 700

Arg Gly Asn Val Phe Ala Val Thr Asp
715

Ala Ala Ala Ala Arg Gln Ala Ser Val
730 735

Asp Ser Gly Glu Gly Tyr Leu Ser Val
745 750

Asn Asn Ile Thr Leu Trp Lys Asn Gly
760 765

Ala Asn Asn Cys Asn Asn Thr Val Val
775 780

Val Leu Ile Asp Glu Trp Tyr Asp His
795

Trp Ala Gly Leu Pro Gly Gln Glu Ser
810 815

Leu Tyr Gly Arg Val Asn Pro Gly Ala
825 830

Lys Thr Arg Glu Ser Tyr Gly Ser Pro
840 845

Gly Asn Gly Ala Pro Gln Ser Asp Phe
855 860

Tyr Arg His Phe Asp Lys Phe Asn Glu
875

Tyr Gly Leu Ser Tyr Thr Thr Phe Glu
890 895

Pro Leu Asn Ala Ser Arg Tyr Thr Pro
905 910

Ala Lys Asn Phe Gly Glu Ile Gly Asp
920 925

Glu Gly Leu Glu Arg Ile His Glu Phe
935 940

Ser

Gly

560

Ala

Phe

Ser

Asp

Leu

640

Ala

Cys

Ser

Gln

Ser

720

Ser

Asp

Asp

Ile

Pro

800

Gly

Lys

Leu

Thr

Thr

880

Leu

Thr

Ala

Ile
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Tyr Pro Trp

945

Ile Asn S
9

er Thr Asp L
50

Asn Tyr Gly Trp Glu Asp Ser Lys T

Gly Ser Ala

Pro Gly Leu
995

965

Gln Pro Arg Leu

980

9

Tyr Glu Asp Leu Phe

Thr Gly Asn Val Ala

1010

Leu Gly Gly Pro Asn

1025

Arg Ile His Leu Ala

1040

Leu Thr Arg Arg Asp

1055

Trp Thr Val Thr Pro

1070

Ser Arg Lys Leu Pro

1085

<210> SEQ ID NO 65
<211> LENGTH: 1846

<212> TYPE:

DNA

1000

eu Lys Ala Ser Ser Asp Asp Ser

955

960

vr Ile Pro Glu Gly Ala Thr Asp

970

85

Arg Val Ser Val Lys

990

1005

Gly Asp Glu Val Pro Gln Leu Tyr

1015

Glu Pro Lys
1030

1020

Val Val Leu Arg Lys

1035

Pro Ser Gln Glu Ala Val Trp Thr

1045

1050

Leu Ala Asn Trp Asp Val Ser Ala

1060

Tyr Pro Lys
1075

Leu Gln Ala
1090

1065

Thr Ile Tyr Val Gly

1080

Ser Leu Pro Lys Ala

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 65

aattgaagga

tgggaacagt

gactggggtc

ggtgttctge

atgaagtcgt

gegaccttee

ceggegteca

acctecgagge

caccaggtte

ctccagcaac

ccegtaatgg

tggttcaagyg

gactactggyg

gaagacatcg

gccagetegyg

ggcagcgeca

atcctgatca

gegggegget

gttggttceyg

gecectggeyg

gggagtggeg

teggetegee

agctgetgta

gettttecat

tcaccattge

aggacctetyg

actcceeegt

ccaccgtcaa

gcacgectet

ctggegacceyg

tgtacatgtc

tgttccagga

gcaccaagga

agccgggcga

gcggegegcea

ccecectegac

acatccacge

cgaccaagte

gececagege

geggeggete

gagtggccac

ttgccegagy

taaaagttca

cctegeaace

cgecttggea

gattgatgga

caccaatgtt

gtgcceggte

ctgegtagge

gtcttgegee

caaggtcgat

cagctgggec

cctcaacteg

ctacctgete

gttctacatg

cgtgaattte

geccatgteg

ggctggcagc

gacactgacg

cggetgeacy

caagtcaggc

gcagegttee

aatcgatgat

tggtatccca

gecctatggyg

gtcgactacyg

gegtecegacy

aaggcegget

cccecageta

aacgaggcta

gacgcggtga

aagaacccgt

tgctgeggea

c¢gegecgagy

tcctgetace

cegggegect

acctacgteg

tcectgeteeyg

cagcccacct

geggecaagt

1095

ggctgtcaac

ctgatgggga

ctctcagatyg

ctagtccage

cccaggagge

getegeaatyg

atatccgatg

ccacggtcac

ctatatggca

tcggcggcga

cagccgacgg

cgggttegac

agatgaacgt

ttatcgecget

agctgaccegt

actcggecag

tcecegggece

getgegagge

ccaccgcgac

accagcagtyg

975

Pro Ala Ser Gly Gly Ala Gly Gly Asn

Val Lys Asn

Val Ser

Phe Glu

Thr Thr

Gln Asp

Asn Ser

Gln

taaccaagga
cgaaccatgg
gegetgetgg
gtteggcace
cgecegeccac
tgtccgecte
caatgtcgge
gatcgagatg
ctaacacgac
ccactacgge
ttcatcggge
gggcgacgac
caagatccce
gecacgtggece
gacgggctee
cgacceggge
gaccgtgtac
gacctgcacg

cgcgacctee

cggeggeace

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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ggctacactg ggtgcaccac ctgcgctgta agttceccteg tgatatgcag cggaacaccyg 1260
tctggactgt tttgctaact cgcgtcegtag tcecgggtceta cctgcagcecge cgtcectcegect 1320
ccgtactact cgcagtgect ctaagcecggg agcegcttget cagcecgggctg ctgtgaagga 1380
gcteccatgte cccatgecge catggceccegga gtaccggget gagcgcccaa ttcecttgtata 1440
tagttgagtt ttcccaatca tgaatacata tgcatctgca tggactgttg cgtcgtcagt 1500
ctacatcctt tgctccactg aactgtgaga ccccatgtca tccggaccat tcegatceggtg 1560
ctcgctetac catctecggtt gatgggtcectg ggcttgagag tcactggcac gtceccteggeg 1620
gtaatgaaat gtggaggaaa gtgtgagctg tctgacgcac tcecggcgctga tgagacgttg 1680
agcgeggece acactggtgt tctgtaagec agcacacaaa agaatactcce aggatggcce 1740
atagcggcaa atatacagta tcagggatgc aaaaagtgca aaagtaaggg gctcaatcgg 1800
ggatcgaacc cgagacctcg cacatgactt atttcaagtce aggggt 1846

<210> SEQ ID NO 66
<211> LENGTH: 326

<212> TYPE

PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 66

Met Lys Ser Phe Thr Ile Ala Ala

1

Ala Ala Ala

Tyr Gly Ser

35

Asn Val Ala

50

Thr Val Lys

65

His Ala Thr Phe Gln

20

Gln Cys Val Arg Leu

40

Ser Asp Asp Ile Arg

55

Cys Pro Val Lys Ala

70

His Gln Gln Pro Gly Asp Arg Ser

Asp His Tyr

Val Thr Ala
115

Trp Ala Lys

130

Thr Lys Asp

145

Glu Asp Ile

Leu His Val

85

Gly Pro Val Met Val

100

Asp Gly Ser Ser Gly

120

Asn Pro Ser Gly Ser

135

Leu Asn Ser Cys Cys
150

Glu Pro Gly Asp Tyr

165

Ala Ala Ser Ser Gly

180

Tyr Gln Leu Thr Val Thr Gly Ser

195

Asn Phe Pro

210

Ile His Ala

225

200

Gly Ala Tyr Ser Ala

215

Pro Met Ser Thr Tyr
230

Ala Gly Gly Ser Thr Lys Ser Ala

Ala Thr Cys

245

Thr Val Gly Ser Gly

Leu Ala Ala
10

Asp Leu Trp
25

Pro Ala Ser

Cys Asn Val

Gly Ser Thr
75

Cys Ala Asn
90

Tyr Met Ser
105

Trp Phe Lys

Thr Gly Asp

Gly Lys Met
155

Leu Leu Arg
170

Gly Ala Gln
185

Gly Ser Ala

Ser Asp Pro

Val Val Pro
235

Gly Ser Ser
250

Pro Ser Ala

Leu Trp Ala

Gln Glu
15

Ile Asp Gly Val Asp

30

Asn Ser Pro

Gly Thr Ser

60

Val Thr Ile

Glu Ala Ile

Lys Val Asp
110

Val Thr

Arg Pro

Glu Met

80

Gly Gly
95

Asp Ala

Val Phe Gln Asp Ser

125

Asp Asp Tyr

140

Asn Val Lys

Ala Glu Val

Phe Tyr Met

190

Thr Pro Ser

205

Trp Gly
Ile Pro
160

Ile Ala
175

Ser Cys

Thr Val

Gly Ile Leu Ile Asn

220

Gly Pro Thr

Val Tyr
240

Cys Ser Gly Cys Glu

Thr Leu Thr

255

Gln Pro



207

US 9,434,972 B2

208

-continued
260 265 270
Thr Ser Thr Ala Thr Ala Thr Ser Ala Pro Gly Gly Gly Gly Ser Gly
275 280 285
Cys Thr Ala Ala Lys Tyr Gln Gln Cys Gly Gly Thr Gly Tyr Thr Gly
290 295 300

Cys Thr Thr Cys Ala Ser Gly Ser Thr Cys Ser Ala Val Ser Pro Pro
305 310 315 320
Tyr Tyr Ser Gln Cys Leu

325
<210> SEQ ID NO 67
<211> LENGTH: 880
<212> TYPE: DNA
<213> ORGANISM: Thielavia terrestris
<400> SEQUENCE: 67
acccegggat cactgeccct aggaaccage acaccteggt ccaatcatge ggttcecgacge 60
cctetecgee ctegetettyg cgeccgettgt ggetggecac ggegecgtga ccagcetacat 120
catcggegge aaaacctatc ccggctacga gggettceteg ccetgectega gceccgecgac 180
gatccagtac cagtggccceg actacaaccce gaccctgage gtgaccgacce cgaagatgeg 240
ctgcaacgge ggcacctegg cagagctcag cgegeccegte caggccggeyg agaacgtgac 300
ggeegtetygyg aagcagtgga cccaccagca aggccccgte atggtcetgga tgttcaagtg 360
ccecggegac ttcetegtegt gecacggega cggcaaggge tggttcaaga tcgaccaget 420
gggectgtygyg ggcaacaacce tcaactcgaa caactgggge accgcgatceg tctacaagac 480
cctecagtgg agcaacccga tccccaagaa cctegegecyg ggcaactace tcatccgceca 540
cgagetgete gecctgecace aggccaacac gecgcagtte tacgccgagt gegeccaget 600
ggtegtcetee ggcagegget ccgecctgece cccgtecgac tacctctaca gecatcccegt 660
ctacgegece cagaacgacce ccggcatcac cgtgagtggg cttecgttece geggegaget 720
ctgtggaaat cttgctgacg atgggctagg ttgacatcta caacggceggyg cttacctect 780
acaccccgee cggeggecce gtetggtetg gettegagtt ttaggcegeat tgagtcegggg 840
gctacgaggg gaaggcatct gttcegcatga gecgtgggtac 880
<210> SEQ ID NO 68
<211> LENGTH: 239
<212> TYPE: PRT
<213> ORGANISM: Thielavia terrestris
<400> SEQUENCE: 68
Met Arg Phe Asp Ala Leu Ser Ala Leu Ala Leu Ala Pro Leu Val Ala
1 5 10 15
Gly His Gly Ala Val Thr Ser Tyr Ile Ile Gly Gly Lys Thr Tyr Pro

20 25 30
Gly Tyr Glu Gly Phe Ser Pro Ala Ser Ser Pro Pro Thr Ile Gln Tyr
35 40 45
Gln Trp Pro Asp Tyr Asn Pro Thr Leu Ser Val Thr Asp Pro Lys Met
50 55 60

Arg Cys Asn Gly Gly Thr Ser Ala Glu Leu Ser Ala Pro Val Gln Ala
65 70 75 80
Gly Glu Asn Val Thr Ala Val Trp Lys Gln Trp Thr His Gln Gln Gly

85 90 95
Pro Val Met Val Trp Met Phe Lys Cys Pro Gly Asp Phe Ser Ser Ser
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100 105 110

His Gly Asp Gly Lys Gly Trp Phe Lys Ile Asp Gln Leu Gly Leu Trp
115 120 125

Gly Asn Asn Leu Asn Ser Asn Asn Trp Gly Thr Ala Ile Val Tyr Lys
130 135 140

Thr Leu Gln Trp Ser Asn Pro Ile Pro Lys Asn Leu Ala Pro Gly Asn
145 150 155 160

Tyr Leu Ile Arg His Glu Leu Leu Ala Leu His Gln Ala Asn Thr Pro
165 170 175

Gln Phe Tyr Ala Glu Cys Ala Gln Leu Val Val Ser Gly Ser Gly Ser
180 185 190

Ala Leu Pro Pro Ser Asp Tyr Leu Tyr Ser Ile Pro Val Tyr Ala Pro
195 200 205

Gln Asn Asp Pro Gly Ile Thr Val Asp Ile Tyr Asn Gly Gly Leu Thr
210 215 220

Ser Tyr Thr Pro Pro Gly Gly Pro Val Trp Ser Gly Phe Glu Phe
225 230 235

<210> SEQ ID NO 69

<211> LENGTH: 1000

<212> TYPE: DNA

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 69

ctectgttee tgggecaccg cttgttgect geactattgg tagagttggt ctattgetag 60
agttggccat gcttctcaca tcagtecteg geteggetge cetgettget ageggegetg 120
cggcacacgg cgccgtgacce agctacatca tegecggcaa gaattacceyg gggtgggtag 180
ctgattattg agggcgcatt caaggttcat accggtgtge atggctgaca accggetgge 240
agataccaag gcttttctcee tgcgaactcg ccgaacgtca tccaatggeca atggcatgac 300
tacaaccceg tettgtegtyg cagcgactceg aagetteget gcaacggegyg cacgteggece 360
accctgaacg ccacggecge accgggegac accatcaceg ccatctggge gcagtggacg 420
cacagccagg gccccatect ggtgtggatg tacaagtgec cgggctcctt cagetectgt 480
gacggcteeyg gegetggetyg gttcaagatce gacgaggecg gettccacgg cgacggegte 540
aaggtcttee tcgacaccga gaaccegtcec ggetgggaca tegecaaget cgteggegge 600
aacaagcagt ggagcagcaa ggtccccgag ggectcegece ceggcaacta cctegtecge 660
cacgagttga tcgcectgca ccaggccaac aacccgcagt tctacccegga gtgcegeccag 720
gtegtcatca ceggetcecegg caccgegecag ccggatgect catacaaggce ggcetatcccece 780
ggctactgca accagaatga cccgaacatc aaggtgagat ccaggcegtaa tgcagtctac 840
tgctggaaag aaagtggtcc aagctaaacc gegetccagyg tgcccatcaa cgaccactce 900
atccctcaga cctacaagat tcccggecct ceegtcettea agggcaccge cagcaagaag 960
gccegggact tcaccgectg aagttgttga atcgatggag 1000

<210> SEQ ID NO 70

<211> LENGTH: 258

<212> TYPE: PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 70

Met Leu Leu Thr Ser Val Leu Gly Ser Ala Ala Leu Leu Ala Ser Gly
1 5 10 15
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212

Ala Ala Ala
Tyr Pro Gly
35

Gln Trp Gln
50

Lys Leu Arg
65

Ala Pro Gly

Gln Gly Pro

Ser Cys Asp
115

Phe His Gly
130

Gly Trp Asp
145

Lys Val Pro

Leu Ile Ala

Ala Gln Val

195

Tyr Lys Ala
210

Lys Val Pro
225

Gly Pro Pro

Thr Ala

<210> SEQ I
<211> LENGT.
<212> TYPE:

His Gly Ala Val Thr

Tyr Gln Gly Phe Ser

40

Trp His Asp Tyr Asn

55

Cys Asn Gly Gly Thr

70

Asp Thr Ile Thr Ala

85

Ile Leu Val Trp Met

100

Gly Ser Gly Ala Gly

120

Asp Gly Val Lys Val

135

Ile Ala Lys Leu Val
150

Glu Gly Leu Ala Pro

165

Leu His Gln Ala Asn

180

Val Ile Thr Gly Ser

200

Ala Ile Pro Gly Tyr

215

Ile Asn Asp His Ser
230

Val Phe Lys Gly Thr

245
D NO 71
H: 681

DNA

Ser Tyr Ile
25

Pro Ala Asn
Pro Val Leu
Ser Ala Thr

75
Ile Trp Ala
Tyr Lys Cys
105

Trp Phe Lys

Phe Leu Asp

Gly Gly Asn

155

Gly Asn Tyr
170

Asn Pro Gln
185

Gly Thr Ala

Cys Asn Gln

Ile Pro Gln
235

Ala Ser Lys
250

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 71

atgctegeaa

acctggecac

caggacaacg

cegteccegy

aaccccgacyg

gaggacatca

cctacetttyg

atcccecegt

gtcgeccaga

dgcggeggcea

gacccgggcea

ceggeegtet

acggtgecat

gggttaacga

gctacgtegyg

ccccateegt

tctaccacce

actcgtggaa

gegetcaget

gcatcaagte

gegtaggegg

gcaccgagcece

ttctgatcaa

tcagctgetyg

cgtettectyg

cggegecgac

ggatgtcacyg

cctcaacacce

cgggcctgtg

cggcgacggc

cacatggcce

cggctactac

agcgcagtte

gccgaacaag

catctactac

geegeegece

tggcaacagg

tcgecacaga

acggcegget

cagttttaca

geegtgtggt

agcacgggca

ctectecggy

tacatctcat

gtggccttee

cctgttecca

Ile Ala Gly
30

Ser Pro Asn
45

Ser Cys Ser
60

Leu Asn Ala

Gln Trp Thr

Pro Gly Ser
110

Ile Asp Glu
125

Thr Glu Asn
140

Lys Gln Trp

Leu Val Arg

Phe Tyr Pro
190

Gln Pro Asp
205

Asn Asp Pro
220

Thr Tyr Lys

Lys Ala Arg

tcggegteag
tccegtaagge
tecegetgttt
cgaccgtgac
tggccegegt
tcaaggtgta
agagctegtt
cggagcaaat
gegeccaget
ccggegetta

cgtectacca

Lys Asn

Val Ile

Asp Ser

Thr Ala
80

His Ser

Phe Ser

Ala Gly

Pro Ser

Ser Ser
160

His Glu
175

Glu Cys

Ala Ser

Asn Ile

Ile Pro
240

Asp Phe
255

tggccactac

ggacaactgg

ccaggcgace
ctactgggee
gecegatgge
cgaggaccat
cgeggttece
cggectgeac
cagcgtcace
cagtgcgacyg

gaacceegge

60

120

180

240

300

360

420

480

540

600

660

681
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<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 72
H: 226
PRT

ISM: Thielavia terrestris

<400> SEQUENCE: 72

Met Leu Ala
1

Ser Gly His
Gln Val Arg
35

Val Thr Ser
50

Pro Ser Val
65

Asn Pro Asp

Val Pro Asp

Trp Phe Lys

115

Trp Pro Ser
130

Ile Lys Ser
145

Val Ala Gln

Leu Ser Val

Phe Pro Gly

195

Tyr Tyr Pro
210

Ser Cys
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

Asn Gly Ala Ile Val

Tyr Thr Trp Pro Arg

20

Lys Ala Asp Asn Trp

40

Pro Gln Ile Arg Cys

55

Leu Asn Thr Thr Ala

70

Val Tyr His Pro Gly

85

Gly Glu Asp Ile Asn

100

Val Tyr Glu Asp His

120

Thr Gly Lys Ser Ser

135

Gly Tyr Tyr Leu Leu
150

Ser Val Gly Gly Ala

165

Thr Gly Gly Gly Ser

180

Ala Tyr Ser Ala Thr

200

Val Pro Thr Ser Tyr

D NO 73
H: 960
DNA

<400> SEQUENCE: 73

atgaagggac

tacatcttcce

aagaacacca

gteggegece

ttcacccttyg

c¢cgggcegegy

ccgactttea

atcccgacct

aaccecetgge

ttttcagtge

agcaactcte

attataacag

agggtgcetgg

acaccectgt

cgtcagacta

acgccgacgg

gecattcccga

cggcgggcat

215

cgecegeecte

catcaacggyg

tccegttace

gacagacacc

ttaccaccag

cgatggcage

cacggccace

cggcgactat

ccegecagtte

Phe

Val

Gln

Phe

Gly

Pro

Ser

105

Pro

Phe

Arg

Gln

Thr

185

Asp

Gln

Leu

10

Asn

Asp

Gln

Ser

Val

Trp

Thr

Ala

Ala

Phe

170

Glu

Pro

Asn

Ala

Asp

Asn

Ala

Thr

75

Gln

Asn

Phe

Val

Glu

155

Tyr

Pro

Gly

Pro

tcecectggeey

aaccagttte

gatctcacgt

gtcacggtga

gggceccatcet

ggeggetggt

tgggacatgg

ctgctecgea

tacatctcct

Ala Ala Leu

Gly Ala Asp

Gly Tyr Val

45

Thr Pro Ser
60

Val Thr Tyr

Phe Tyr Met

Gly Asp Gly

110

Gly Ala Gln
125

Pro Ile Pro
140

Gln Ile Gly

Ile Ser Cys

Pro Asn Lys
190

Ile Leu Ile
205

Gly Pro Ala
220

tcggecagge

cggtgtacca
ccgacgatet
aggccggega
ccatctacat
tcaagatcaa
ccggetceata
tccagteget

gegeccagat

Gly Val
15

Trp Gln

Gly Asp

Pro Ala

Trp Ala
80

Ala Arg

Ala Val

Leu Thr

Pro Cys

Leu His
160

Ala Gln
175

Val Ala

Asn Ile

Val Phe

ttcggeccat
atatattcge
tcggtgcaat
ccagttcace
gtccaaggece
ggactggggce
cacctacaac
ggccatccac

caccgtgace

60

120

180

240

300

360

420

480

540
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-continued
ggcggceggca acggcaaccce tggcccgacg gecctcatce ceggegectt caaggacacc 600
gacccgggcet acacggtgaa catctacacg aacttccaca actacacggt tcccggeccg 660
gaggtcttca gctgcaacgg cggcggctceg aacccgccce cgecggtgag tagcagcacg 720
cececgegacca cgacgetggt cacgtcgacg cgcaccacgt cctccacgtce cteegectceg 780
acgceggect cgaccggegg ctgcaccgte gccaagtggg gccagtgcegg cggcaacggg 840
tacaccggcet gcacgacctg cgeggcceggg tccacctgca gcaagcagaa cgactactac 900
tcgcagtget tgtaagggag gccgcaaagce atgaggtgtt tgaagaggag gagaggggtce 960

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 74
H: 304
PRT

ISM: Thielavia terrestris

<400> SEQUENCE: 74

Met Lys Gly
1

Ala Ser Ala
Phe Pro Val
35

Val Thr Asp
50

Gly Ala Gly

Phe Thr Leu

Met Ser Lys

Trp Phe Lys

115

Ala Thr Trp
130

Ile Pro Asp
145

Asn Pro Trp

Ile Thr Val

Ile Pro Gly
195

Tyr Thr Asn
210

Cys Asn Gly
225

Pro Ala Thr

Ser Ser Ala

Trp Gly Gln
275

Ala Gly Ser
290

Leu Phe Ser Ala Ala

His Tyr Ile Phe Gln

20

Tyr Gln Tyr Ile Arg

40

Leu Thr Ser Asp Asp

55

Thr Asp Thr Val Thr

70

Asp Thr Pro Val Tyr

85

Ala Pro Gly Ala Ala

100

Ile Lys Asp Trp Gly

120

Asp Met Ala Gly Ser

135

Gly Asp Tyr Leu Leu
150

Pro Ala Gly Ile Pro

165

Thr Gly Gly Gly Asn

180

Ala Phe Lys Asp Thr

200

Phe His Asn Tyr Thr

215

Gly Gly Ser Asn Pro
230

Thr Thr Leu Val Thr

245

Ser Thr Pro Ala Ser

260

Cys Gly Gly Asn Gly

280

Thr Cys Ser Lys Gln

295

Ala Leu Ser
10

Gln Leu Ser
25

Lys Asn Thr

Leu Arg Cys

Val Lys Ala

75

His Gln Gly
90

Ser Asp Tyr
105

Pro Thr Phe

Tyr Thr Tyr

Arg Ile Gln
155

Gln Phe Tyr
170

Gly Asn Pro
185

Asp Pro Gly

Val Pro Gly

Pro Pro Pro
235

Ser Thr Arg
250

Thr Gly Gly
265

Tyr Thr Gly

Asn Asp Tyr

Leu Ala Val
Ile Asn Gly
30

Asn Tyr Asn
45

Asn Val Gly
60

Gly Asp Gln

Pro Ile Ser

Asp Gly Ser

110

Asn Ala Asp
125

Asn Ile Pro
140

Ser Leu Ala

Ile Ser Cys

Gly Pro Thr

190

Tyr Thr Val
205

Pro Glu Val
220

Val Ser Ser

Thr Thr Ser

Cys Thr Val

270

Cys Thr Thr
285

Tyr Ser Gln
300

Gly Gln
15

Asn Gln

Ser Pro

Ala Gln

Phe Thr
80

Ile Tyr
95

Gly Gly

Gly Thr

Thr Cys

Ile His

160

Ala Gln
175

Ala Leu

Asn Ile

Phe Ser

Ser Thr
240

Ser Thr
255
Ala Lys

Cys Ala

Cys Leu
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-continued
<210> SEQ ID NO 75
<211> LENGTH: 954
<212> TYPE: DNA
<213> ORGANISM: Thielavia terrestris
<400> SEQUENCE: 75
atgaagggcece tcagectect cgecegetgeyg teggcagega ctgctcatac catcttegtyg 60
cagetegagt cagggggaac gacctatccyg gtatcctacyg gecatcceggga cectagetac 120
gacggtcceca tcaccgacgt cacctccgac tcactggett geaatggtee cecgaaccec 180
acgacgccegt cccegtacat catcaacgte accgceggea ccacggtege ggegatetgg 240
aggcacacce tcacatcegg ccccgacgat gtcatggacyg ccagecacaa ggggecgace 300
ctggectace tcaagaaggt cgatgatgece ttgaccgaca cgggtategyg cggeggctgg 360
ttcaagatce aggaggccgg ttacgacaat ggcaattggg ctaccagcac ggtgatcace 420
aacggtgget tccaatatat tgacatcccce gectgcatte ccaacggeca gtatctgete 480
cgegecgaga tgategeget ccacgeegee agcacgcagg gtggtgccca getctacatg 540
gagtgcgege agatcaacgt ggtgggcgge tccggcageyg ccagccecgea gacgtacage 600
atccegggea tctaccagge aaccgaccceg ggectgetga tcaacatcta ctecatgacyg 660
cegtecagee agtacaccat tcegggtecyg ceectgttea cetgecagegyg cageggcaac 720
aacggeggeyg gcagcaacce gtegggeggg cagaccacga cggcgaagece cacgacgacyg 780
acggcggcega cgaccaccte ctecegeeget cctaccagea gecagggggy cagecageggt 840
tgcaccgtte cccagtggca gcagtgeggt ggcatctegt tcaccggetyg caccacctge 900
geggeggget acacctgcaa gtatctgaac gactattact cgcaatgeca gtaa 954

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

D NO 76
H: 317
PRT

<400> SEQUENCE: 76

Met Lys Gly
1

Thr Ile Phe

Tyr Gly Ile
35

Ser Asp Ser

Pro Tyr Ile
65

Arg His Thr

Lys Gly Pro

Asp Thr Gly

115

Asp Asn Gly
130

Gln Tyr Ile
145

Arg Ala Glu

Leu Ser Leu Leu Ala

Val Gln Leu Glu Ser

20

Arg Asp Pro Ser Tyr

40

Leu Ala Cys Asn Gly

55

Ile Asn Val Thr Ala

70

Leu Thr Ser Gly Pro

85

Thr Leu Ala Tyr Leu

100

Ile Gly Gly Gly Trp

120

Asn Trp Ala Thr Ser

135

Asp Ile Pro Ala Cys
150

Met Ile Ala Leu His

Ala

Gly

25

Asp

Pro

Gly

Asp

Lys

105

Phe

Thr

Ile

Ala

Ala

Gly

Gly

Pro

Thr

Asp

90

Lys

Lys

Val

Pro

Ala

Ser

Thr

Pro

Asn

Thr

75

Val

Val

Ile

Ile

Asn

155

Ser

Ala Ala Thr
Thr Tyr Pro
30

Ile Thr Asp
45

Pro Thr Thr
60

Val Ala Ala

Met Asp Ala

Asp Asp Ala
110

Gln Glu Ala
125

Thr Asn Gly
140

Gly Gln Tyr

Thr Gln Gly

Ala His

Val Ser

Val Thr

Pro Ser

Ile Trp

80

Ser His
95

Leu Thr

Gly Tyr

Gly Phe

Leu Leu

160

Gly Ala
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-continued

165 170 175

Gln Leu Tyr Met Glu Cys Ala Gln Ile Asn Val Val Gly Gly Ser Gly
180 185 190

Ser Ala Ser Pro Gln Thr Tyr Ser Ile Pro Gly Ile Tyr Gln Ala Thr
195 200 205

Asp Pro Gly Leu Leu Ile Asn Ile Tyr Ser Met Thr Pro Ser Ser Gln
210 215 220

Tyr Thr Ile Pro Gly Pro Pro Leu Phe Thr Cys Ser Gly Ser Gly Asn
225 230 235 240

Asn Gly Gly Gly Ser Asn Pro Ser Gly Gly Gln Thr Thr Thr Ala Lys
245 250 255

Pro Thr Thr Thr Thr Ala Ala Thr Thr Thr Ser Ser Ala Ala Pro Thr
260 265 270

Ser Ser Gln Gly Gly Ser Ser Gly Cys Thr Val Pro Gln Trp Gln Gln
275 280 285

Cys Gly Gly Ile Ser Phe Thr Gly Cys Thr Thr Cys Ala Ala Gly Tyr
290 295 300

Thr Cys Lys Tyr Leu Asn Asp Tyr Tyr Ser Gln Cys Gln
305 310 315

<210> SEQ ID NO 77

<211> LENGTH: 799

<212> TYPE: DNA

<213> ORGANISM: Thermoascus aurantiacus

<400> SEQUENCE: 77

atgtcctttt ccaagataat tgctactgec ggegttettyg cctetgette tctagtgget 60
ggccatgget tegttcagaa catcgtgatt gatggtaaaa agtatgtcat tgcaagacgce 120
acataagcgg caacagctga caatcgacag ttatggeggyg tatctagtga accagtatce 180
atacatgtcce aatcctceccag aggtcatcge ctggtctact acggcaactyg atcttggatt 240
tgtggacggt actggatacc aaaccccaga tatcatctge cataggggeyg ccaagectgg 300
agccctgact gctcecagtcet ctccaggagg aactgttgag cttcaatgga ctccatggece 360
tgattctcac catggcccag ttatcaacta ccttgcteeg tgcaatggtyg attgttccac 420
tgtggataag acccaattag aattcttcaa aattgccgag agcggtctca tcaatgatga 480
caatcctect gggatctggg cttcagacaa tctgatageca gccaacaaca gctggactgt 540
caccattcca accacaattg cacctggaaa ctatgttctyg aggcatgaga ttattgctct 600
tcactcaget cagaaccagg atggtgecca gaactatccee cagtgcatca atctgcaggt 660
cactggaggt ggttctgata accctgetgg aactcttgga acggcactct accacgatac 720
cgatcctgga attctgatca acatctatca gaaactttece agctatatca tccctggtcee 780
tcetetgtat actggttaa 799

<210> SEQ ID NO 78

<211> LENGTH: 249

<212> TYPE: PRT

<213> ORGANISM: Thermoascus aurantiacus

<400> SEQUENCE: 78

Met Ser Phe Ser Lys Ile Ile Ala Thr Ala Gly Val Leu Ala Ser Ala
1 5 10 15

Ser Leu Val Ala Gly His Gly Phe Val Gln Asn Ile Val Ile Asp Gly
20 25 30
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222

Lys Tyr Tyr
35

Pro Pro Glu
50

Val Asp Gly
65

Ala Lys Pro

Glu Leu Gln

Asn Tyr Leu

115

Gln Leu Glu
130

Asn Pro Pro
145

Ser Trp Thr

Leu Arg His

Ala Gln Asn

195

Ser Asp Asn
210

Asp Pro Gly
225

Ile Pro Gly

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Gly Tyr Leu Val

Val Ile Ala Trp Ser

55

Thr Gly Tyr Gln Thr

70

Gly Ala Leu Thr Ala

85

Trp Thr Pro Trp Pro

100

Ala Pro Cys Asn Gly

120

Phe Phe Lys Ile Ala

135

Gly Ile Trp Ala Ser
150

Val Thr Ile Pro Thr

165

Glu Ile Ile Ala Leu

180

Tyr Pro Gln Cys Ile

200

Pro Ala Gly Thr Leu

215

Ile Leu Ile Asn Ile
230

Pro Pro Leu Tyr Thr

245
D NO 79
H: 1172

DNA

<213> ORGANISM: Trichoderma rees

<400> SEQUENCE: 79

ggatctaage

cgggagcgtt

gggtttcatt

tggctggtac

cgacattgte

cagcaacatc

tacctacgtyg

ggtcaagatt

gatcaaccag

tgtctteege

ctatccteag

aactcctgea

aacaatcacg

cggtgttggc

gactgatggg

cccategata

ctcggecatg

ctcgattact

gccgaggace

tgtcacaaga

gtcttccaat

getgagtgcea

caggaggccyg

ggcaacaagt

catgaacttc

tgcgtgaaca

actcagctcet

agctacacca

gttegtgaag

cgtgactgag

tgaagtcctyg

gacaagtcca

actatcagaa

tagacctggyg

acgcggeccec

ggggeectgg

geggatcegtg

gcatcaacta

ggactgtgaa

ttgctgececa

tcgecgteac

acaagcccac

tcecetggece

tcggagetgt

tgtatatatt

Asn Gln Tyr

Thr Thr Ala

Pro Asp Ile

75

Pro Val Ser
90

Asp Ser His
105

Asp Cys Ser

Glu Ser Gly

Asp Asn Leu

155

Thr Ile Ala
170

His Ser Ala
185

Asn Leu Gln

Gly Thr Ala

Tyr Gln Lys
235

Gly

ei

cgccattett
aaacttcacg
gcagaatact
cttecatctee
aggtgccatt
cgtetggect
cacgaccgtyg
taacacccaa
gatccegteg
tggtgectet
aggcteggge
tgaccctgge
agcectgtygyg
tgacaaggat

tttgatgacc

Pro Tyr Met
45

Thr Asp Leu
60

Ile Cys His

Pro Gly Gly

His Gly Pro

110

Thr Val Asp
125

Leu Ile Asn
140

Ile Ala Ala

Pro Gly Asn

Gln Asn Gln

190

Val Thr Gly
205

Leu Tyr His
220

Leu Ser Ser

gcagcecttyg
atcaatggac
ggtcacttce
cctgaccaat
tctgccacty
cacccctacy
aacaagaaca
gtetgggege
agcctcagge
agtgcgaacyg
acgaaagcge
atcttgttca
caaggctaga
atctgatgat

aaattgtata

Ser Asn

Gly Phe

Arg Gly

80

Thr Val
95

Val Ile

Lys Thr

Asp Asp

Asn Asn

160

Tyr Val
175

Asp Gly

Gly Gly

Asp Thr

Tyr Ile
240

getgtettge
aatacaatca
ccaacgttyge
acaccacgcec
cagcggecgg
gtcecategt
acctgegetyg
agcaggatct
ccggaaacta
gcatgcagaa
tcecectgeegy
acccttacac

tccaggggta

gaacggagag

cgaaatccga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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acgcatggtyg
cgggtgtatt
atgtatatgt
atatagtact
acactacatg
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

atcattgttt
acggcaacaa
gaagaggcat
tgaacgtgcet
taaaaaaaaa
D NO 80

H: 249
PRT

atccctgtag

agtcaggaat

cggetggeat

actggaacgg

aaaaaaaaaa

ISM: Trichoderma rees

<400> SEQUENCE: 80

Met Lys Ser
1

Val Leu Gly
Asn Gln Gly
35

His Phe Pro
50

Phe Ile Ser
65

Asn Ala Ala

Ile Val Phe

Ile Val Thr

115

Lys Asn Asn
130

Asn Thr Gln
145

Trp Thr Val

Arg His Glu

Gln Asn Tyr

195

Lys Ala Leu
210

Asp Pro Gly
225

Ile Pro Gly

<210> SEQ I
<211> LENGT.
<212> TYPE:

Cys Ala Ile Leu Ala

His Gly Gln Val Gln

20

Phe Ile Leu Asp Tyr

40

Asn Val Ala Gly Trp

55

Pro Asp Gln Tyr Thr

70

Pro Gly Ala Ile Ser

Gln Trp Gly Pro Gly

100

Tyr Val Val Glu Cys

120

Leu Arg Trp Val Lys

135

Val Trp Ala Gln Gln
150

Lys Ile Pro Ser Ser

165

Leu Leu Ala Ala His

180

Pro Gln Cys Val Asn

200

Pro Ala Gly Thr Pro

215

Ile Leu Phe Asn Pro
230

Pro Ala Leu Trp Gln

245

D NO 81
H: 924
DNA

tatattgtct

ttgggtggca

gggcattace

atcataagca

aa

ei

Ala

Asn

25

Tyr

Tyr

Thr

Ala

Val

105

Ser

Ile

Asp

Leu

Gly

185

Ile

Ala

Tyr

Gly

Leu

10

Phe

Tyr

Ala

Pro

Thr

90

Trp

Gly

Gln

Leu

Arg

170

Ala

Ala

Thr

Thr

Gly

Thr

Gln

Glu

Asp

75

Ala

Pro

Ser

Glu

Ile

155

Pro

Ser

Val

Gln

Thr
235

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 81

ccaggetget

atgaacgcag

agatataggce

agtcatcaac

Cys

Ile

Lys

Asp

60

Ile

Ala

His

Cys

Ala

140

Asn

Gly

Ser

Thr

Leu

220

Ile

Leu

Asn

Gln

45

Leu

Val

Ala

Pro

Thr

125

Gly

Gln

Asn

Ala

Gly

205

Tyr

Thr

Ala

Gly

30

Asn

Asp

Cys

Gly

Tyr

110

Thr

Ile

Gly

Tyr

Asn

190

Ser

Lys

Ser

aagagcccac
gtctccatga
cctgtgaaac

atgtgaaaaa

Gly Ser
15

Gln Tyr

Thr Gly

Leu Gly

His Lys

80

Ser Asn
95

Gly Pro

Val Asn

Asn Tyr

Asn Lys

160

Val Phe
175

Gly Met
Gly Thr

Pro Thr

Tyr Thr
240

atgaagttca cctegteect cgetgtectyg geegetgeeg gegeccagge tcactgttag

tcgacccteg aacccaacac ccccctecce ccttttetee tecatctect cggectcact

960

1020

1080

1140

1172

60

120
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tagtagccge tgacaacgac tagatacctt cectagggec ggcactggtyg gctegetcte 180
tggcgagtgg gaggtggtcce gcatgaccga gaaccattac tcegcacggece cggtcaccga 240
tgtcaccagce cccgagatga cctgctatca gteeggegtyg cagggtgege cccagaccgt 300
ccaggtcaag gcgggetcce aattcacctt cagegtggat cectegateg gccaccccegg 360
ccctetecag ttctacatgg ctaaggtgec gtegggecag acggccgeca cctttgacgg 420
cacgggagcece gtgtggttca agatctacca agacggcceg aacggcecteyg gcaccgacag 480
cattacctgg cccagcgecg gttegtgact tcectceccccac tegetttttt ttttttattt 540
tttatttttt tttctttecgg aactcaagaa tctttctete tectcteccegt ctttggectt 600
gaacaacact aaaactcttc cttactgtat taattaggca aaaccgaggt ctcggtcacce 660
atcceccaget gcatcgatga tggcgagtac ctgctceceggyg tegagcacat cgcegetccac 720
agcgecagcea gegtgggegg cgctcagtte tacattgect gegeccaget ctecegtcace 780
ggeggeteeyg gcaccctcaa cacgggeteg ctegtetece tgccceggege ctacaaggec 840
accgacccegg gcatcectett ccagetctac tggeccatee cgaccgagta catcaaccce 900
ggceceggecece cegtetettg ctaa 924

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 82
H: 232
PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 82

Met Lys Phe
1

Ala His Tyr
Glu Trp Glu
35

Val Thr Asp
50

Gln Gly Ala
65

Phe Ser Val

Met Ala Lys

Gly Ala Val
115

Thr Asp Ser
130

Thr Ile Pro
145

His Ile Ala

Ile Ala Cys

Thr Gly Ser
195

Gly Ile Leu
210

Pro Gly Pro

Thr Ser Ser Leu Ala

Thr Phe Pro Arg Ala

20

Val Val Arg Met Thr

40

Val Thr Ser Pro Glu

55

Pro Gln Thr Val Gln

70

Asp Pro Ser Ile Gly

85

Val Pro Ser Gly Gln

100

Trp Phe Lys Ile Tyr

120

Ile Thr Trp Pro Ser

135

Ser Cys Ile Asp Asp
150

Leu His Ser Ala Ser

165

Ala Gln Leu Ser Val

180

Leu Val Ser Leu Pro

200

Phe Gln Leu Tyr Trp

215

Ala Pro Val Ser Cys

Val Leu Ala
10

Gly Thr Gly
25

Glu Asn His

Met Thr Cys

Val Lys Ala
75

His Pro Gly
90

Thr Ala Ala
105

Gln Asp Gly

Ala Gly Lys

Gly Glu Tyr
155

Ser Val Gly
170

Thr Gly Gly
185

Gly Ala Tyr

Pro Ile Pro

Ala Ala Gly
Gly Ser Leu
30

Tyr Ser His
45

Tyr Gln Ser
60

Gly Ser Gln

Pro Leu Gln

Thr Phe Asp

110

Pro Asn Gly
125

Thr Glu Val
140

Leu Leu Arg

Gly Ala Gln

Ser Gly Thr
190

Lys Ala Thr
205

Thr Glu Tyr
220

Ala Gln

Ser Gly

Gly Pro

Gly Val

Phe Thr

80

Phe Tyr
95

Gly Thr

Leu Gly

Ser Val

Val Glu
160

Phe Tyr
175
Leu Asn

Asp Pro

Ile Asn
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225 230
<210> SEQ ID NO 83
<211> LENGTH: 854
<212> TYPE: DNA
<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 83
atgaaggcce tctetetect tgeggetgee teggeagtet ctgegeatac catcttegte 60
cagctegaag cagacggcac gaggtacceg gtetegtacg ggatceggga cccaagctac 120
gacggcccca tcaccgacgt cacatccaac gacgttgett geaacggegyg gecgaacceg 180
acgacccect ccagegacgt catcaccgte accgegggea ccacggtcaa ggcecatcetgg 240
aggcacaccce tccaatcegg cccggacgat gtcatggacg ccagccacaa gggceccgace 300
ctggectace tcaagaaggt cggegatgece accaaggact cgggegtegg cggtggetgg 360
ttcaagattc aggaggacgg ctacaacaac ggccagtggg gcaccagcac cgttatctece 420
aacggcggeyg agcactacat gtgagecatt cctecgagag aagaccaaga ctcettgacga 480
tctegetgac cegtgcaaca agtgacatce cggectgeat cecegagggt cagtacctece 540
tcegegecga gatgategece ctecacgegg cegggtecee cggeggtgee cagcetctacg 600
taagcctetyg cectteccee cttectettyg atcgaategg actgcccace ccectttteg 660
actccgacta acaccgttge cagatggaat gtgcccagat caacatcgte ggeggcetceceg 720
geteggtgee cagctcgace gtcagettee ceggegegta cagecccaac gaccegggte 780
tcctcatcaa catctattee atgtegeect cgagetegta caccatcecg ggecegecceg 840
tcttcaagtg ctag 854

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 84
H: 235
PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 84

Met Lys Ala
1

Thr Ile Phe
Tyr Gly Ile
35

Ser Asn Asp
50

Ser Asp Val
65

Arg His Thr

Lys Gly Pro

Asp Ser Gly

115

Asn Asn Gly
130

His Tyr Ile
145

Arg Ala Glu

Leu Ser Leu Leu Ala

Val Gln Leu Glu Ala

20

Arg Asp Pro Ser Tyr

40

Val Ala Cys Asn Gly

55

Ile Thr Val Thr Ala

70

Leu Gln Ser Gly Pro

85

Thr Leu Ala Tyr Leu

100

Val Gly Gly Gly Trp

120

Gln Trp Gly Thr Ser

135

Asp Ile Pro Ala Cys
150

Met Ile Ala Leu His

Ala

Asp

25

Asp

Gly

Gly

Asp

Lys

105

Phe

Thr

Ile

Ala

Ala

Gly

Gly

Pro

Thr

Asp

90

Lys

Lys

Val

Pro

Ala

Ser

Thr

Pro

Asn

Thr

75

Val

Val

Ile

Ile

Glu
155

Gly

Ala Val Ser
Arg Tyr Pro
30

Ile Thr Asp
45

Pro Thr Thr
60

Val Lys Ala

Met Asp Ala

Gly Asp Ala
110

Gln Glu Asp
125

Ser Asn Gly
140

Gly Gln Tyr

Ser Pro Gly

Ala His

Val Ser

Val Thr

Pro Ser

Ile Trp

80

Ser His
95

Thr Lys

Gly Tyr

Gly Glu

Leu Leu

160

Gly Ala
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165 170 175
Gln Leu Tyr Met Glu Cys Ala Gln Ile Asn Ile Val Gly Gly Ser Gly
180 185 190
Ser Val Pro Ser Ser Thr Val Ser Phe Pro Gly Ala Tyr Ser Pro Asn
195 200 205
Asp Pro Gly Leu Leu Ile Asn Ile Tyr Ser Met Ser Pro Ser Ser Ser
210 215 220
Tyr Thr Ile Pro Gly Pro Pro Val Phe Lys Cys
225 230 235
<210> SEQ ID NO 85
<211> LENGTH: 1242
<212> TYPE: DNA
<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 85
atgaagtcct tcgeectcac cactctggece gecctggecyg gcaacgcecge cgctcacgeg 60
acctteccagg ccctetgggt cgacggegte gactacggeg cgcagtgtge ccegtetgece 120
gegtccaact ceceeggtcac cgacgtgace tccaacgcga tcecgctgcaa cgcecaacccyg 180
tegecegete ggggcaagtg cccggtcaag gecggcetega cegttacggt cgagatgcat 240
caggtacgtt ggatgaatga aaggggaaag gaagcagagg cagaagggga aggcgaaggg 300
aaagaaaaag aaaaagaaat ggaaaagaaa aagaaatgga aaagaaaaag aaaaatgaaa 360
aagaaagtgg aaaccgtcag actaactggg gctcectceee cccaccecte ctttgatate 420
agcaacccgg tgaccggtceg tgcagcageg aggcgategyg cggggcegcac tacggecccg 480
tcatggtgta catgtccaag gtgtcggacg cggegtegge ggacgggteyg tcegggetggt 540
tcaaggtgtt cgaggacggc tgggccaaga acccgtceegyg cgggteggge gacgacgact 600
actggggcac caaggacctg aactcgtget gegggaagat gaacgtcaag atccccgecg 660
acctgeccte gggcegactac ctgcteeggg cegaggcect cgegetgcac acggegggca 720
gegecggegy cgeccagtte tacatgacgt getaccaget caccgtgacg ggetccggea 780
gegecageee geccaccgte tcecttecegg gegectacaa ggccaccgac ccegggcatece 840
tegtcaacat ccacgeccceg ctgtcegget acaccgtgece cggeccggece gtctactcecg 900
geggcetcecac caagaaggcece ggcagegect gecaccggetg cgagtcecacce tgegecgteg 960
gcteeggeee caccgecace gtcteccagt cgccceggtte caccgecacce tecgeccecy 1020
geggeggegy cggetgcace gtccagaagt accagcagtg cggceggegag ggctacaccg 1080
gctgcaccaa ctgcgecggta cgtttttcaa ccccecgttttt ttttttectt ccctacctta 1140
tttggttacc taattaatta ctttccggct gctgactttt tgctttagte cggctctacce 1200
tgcagcgeeg tcectegecgee ctactactceg cagtgcecgtet aa 1242
<210> SEQ ID NO 86
<211> LENGTH: 323
<212> TYPE: PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 86

Met Lys Ser Phe Ala Leu Thr Thr Leu Ala Ala Leu Ala Gly Asn Ala

1 5

10

15

Ala Ala His Ala Thr Phe Gln Ala Leu Trp Val Asp Gly Val Asp Tyr

20

25 30

Gly Ala Gln Cys Ala Arg Leu Pro Ala Ser Asn Ser Pro Val Thr Asp
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-continued

35 40 45

Val Thr Ser Asn Ala Ile Arg Cys Asn Ala Asn Pro Ser Pro Ala Arg
50 55 60

Gly Lys Cys Pro Val Lys Ala Gly Ser Thr Val Thr Val Glu Met His
65 70 75 80

Gln Gln Pro Gly Asp Arg Ser Cys Ser Ser Glu Ala Ile Gly Gly Ala
85 90 95

His Tyr Gly Pro Val Met Val Tyr Met Ser Lys Val Ser Asp Ala Ala
100 105 110

Ser Ala Asp Gly Ser Ser Gly Trp Phe Lys Val Phe Glu Asp Gly Trp
115 120 125

Ala Lys Asn Pro Ser Gly Gly Ser Gly Asp Asp Asp Tyr Trp Gly Thr
130 135 140

Lys Asp Leu Asn Ser Cys Cys Gly Lys Met Asn Val Lys Ile Pro Ala
145 150 155 160

Asp Leu Pro Ser Gly Asp Tyr Leu Leu Arg Ala Glu Ala Leu Ala Leu
165 170 175

His Thr Ala Gly Ser Ala Gly Gly Ala Gln Phe Tyr Met Thr Cys Tyr
180 185 190

Gln Leu Thr Val Thr Gly Ser Gly Ser Ala Ser Pro Pro Thr Val Ser
195 200 205

Phe Pro Gly Ala Tyr Lys Ala Thr Asp Pro Gly Ile Leu Val Asn Ile
210 215 220

His Ala Pro Leu Ser Gly Tyr Thr Val Pro Gly Pro Ala Val Tyr Ser
225 230 235 240

Gly Gly Ser Thr Lys Lys Ala Gly Ser Ala Cys Thr Gly Cys Glu Ser
245 250 255

Thr Cys Ala Val Gly Ser Gly Pro Thr Ala Thr Val Ser Gln Ser Pro
260 265 270

Gly Ser Thr Ala Thr Ser Ala Pro Gly Gly Gly Gly Gly Cys Thr Val
275 280 285

Gln Lys Tyr Gln Gln Cys Gly Gly Glu Gly Tyr Thr Gly Cys Thr Asn
290 295 300

Cys Ala Ser Gly Ser Thr Cys Ser Ala Val Ser Pro Pro Tyr Tyr Ser
305 310 315 320

Gln Cys Val

<210> SEQ ID NO 87

<211> LENGTH: 1253

<212> TYPE: DNA

<213> ORGANISM: Myceliophthora thermophila
<400> SEQUENCE: 87

atgaagccett ttagectegt cgecctggeg accgecgtga geggecatge catcttecag 60

cgggtgtegy tcaacgggca ggaccaggge cagctcaagg gggtgeggge gecgtcegage 120

aactccccga tccagaacgt caacgatgece aacatggect gcaacgccaa cattgtgtac 180
cacgacagca ccatcatcaa ggtgcccgeg ggagecegeg teggegegtyg gtggcageac 240
gtcatcggeg ggcecgcaggg cgccaacgac ccggacaacce cgatcgegge cteccacaag 300
ggtatgatga tcgatgatge ctctetette cccegttett gatggacagyg cgatggetec 360
caggaacacg cgtgactgac caccgaatce aggccccatce caggtctace tggccaaggt 420

ggacaacgcg gcgacggcegt cgcegteggyg cctcaggtgg ttcaaggtgyg ccgagegegyg 480
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234

-continued
cctgaacaac ggcegtgtggg ccgtcgatga getcatcgece aacaacgget ggcactactt 540
cgacctgeeg tegtgegtgg cccccggeca gtacctgatyg cgegtegage tgctegecct 600
gcacagcgee tcaagcccceg gceggegecca gttcetacatg ggetgegecac agatcgaagyg 660
tgcgtcecgate tttgttctece tteccgtgtcee tcetetgatcece tttcetectett ctttttettt 720
cttttactee ctttecttee atctteggag aagcaacgaa gggggaaagyg gatagaagag 780
aggaatgaga gacgacgaaa gagaggattg gggaaagaca agacagggaa aaaaagacaa 840
gaaaaaaaaa aaaaaaaaaa aacagagtga gctaacaaga acaatcagtc actggctcecg 900
gcaccaacte gggctccgac tttgtetegt tecceggege ctacteggece aacgatcegyg 960
gecatcttget aagcatctac gacagcetcegg gcaagceccac caacggeggg cgcetcegtacce 1020
cgatcccegg cccgegecce atctectget ceggcagegyg cgacggcegge aacaacggceg 1080
geggeggega cgacaacaac aataacaacg gtggtggcaa caacggeggce ggeggceggeg 1140
gcagcgteee cctgtacggg cagtgeggeg gcatcggeta cacgggeccg accacctgtg 1200
cccagggaac ttgcaaggtg tcgaacgaat actacagcca gtgcctcccece tag 1253

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 88
H: 310
PRT

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUENCE: 88

Met Lys Pro
1

Ala Ile Phe
Lys Gly Val
35

Asp Ala Asn
50

Ile Ile Lys

Val Ile Gly

Ala Ser His

Ala Ala Thr
115

Arg Gly Leu
130

Asn Gly Trp
145

Tyr Leu Met

Gly Gly Ala

Ser Gly Thr

195

Ser Ala Asn
210

Lys Pro Thr
225

Phe Ser Leu Val Ala

Gln Arg Val Ser Val

20

Arg Ala Pro Ser Ser

40

Met Ala Cys Asn Ala

55

Val Pro Ala Gly Ala

70

Gly Pro Gln Gly Ala

85

Lys Gly Pro Ile Gln

100

Ala Ser Pro Ser Gly

120

Asn Asn Gly Val Trp

135

His Tyr Phe Asp Leu
150

Arg Val Glu Leu Leu

165

Gln Phe Tyr Met Gly

180

Asn Ser Gly Ser Asp

200

Asp Pro Gly Ile Leu

215

Asn Gly Gly Arg Ser
230

Leu Ala Thr

Asn Gly Gln
25

Asn Ser Pro

Asn Ile Val

Arg Val Gly

Asn Asp Pro
90

Val Tyr Leu
105

Leu Arg Trp

Ala Val Asp

Pro Ser Cys
155

Ala Leu His
170

Cys Ala Gln
185

Phe Val Ser

Leu Ser Ile

Tyr Pro Ile
235

Ala Val Ser
Asp Gln Gly
30

Ile Gln Asn
45

Tyr His Asp
60

Ala Trp Trp

Asp Asn Pro

Ala Lys Val

110

Phe Lys Val
125

Glu Leu Ile
140

Val Ala Pro

Ser Ala Ser
Ile Glu Val
190

Phe Pro Gly
205

Tyr Asp Ser
220

Pro Gly Pro

Gly His

Gln Leu

Val Asn

Ser Thr

Gln His

Ile Ala

95

Asp Asn

Ala Glu

Ala Asn

Gly Gln

160

Ser Pro

175

Thr Gly

Ala Tyr

Ser Gly

Arg Pro
240
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236

Ile Ser Cys

Asp Asp Asn

Gly Gly Ser

275

Gly Pro Thr
290

Tyr Ser Gln
305

Ser

Asn

260

Val

Thr

Cys

Gly Ser Gly Asp
245

Asn Asn Asn Gly
Pro Leu Tyr Gly
280

Cys Ala Gln Gly
295

Leu Pro
310

<210> SEQ ID NO 89

<211> LENGT.
<212> TYPE:

H:
DNA

814

Gly Gly Asn
250

Gly Gly Asn
265

Gln Cys Gly

Thr Cys Lys

<213> ORGANISM: Myceliophthora thermophila

<400> SEQUE:

atgaagctct

ttccagaagyg

aacaacaaca

tcgacgtega

catgtcatcg

aagggccccg

ggcctgaagt

gacggagcte

caagacctgg

gcagtgcatce

ctactctecag

cggetectte

cggtatcetyg

cactgeeect

NCE :

89

cecctettete cgtectggee

tctecgtcaa cggageggac

acccegtgca ggatgtcaac

acactatcat cgaggtcaag

geggtgecca gttcecccaac

tcatggccta cctegecaag

ggtatgtatt cccgeggece

getteteegt ataggttcaa

ggtgtcgaca acctcatcaa

gecgacggcea actacctect

ggccaggete agttctacca

acaccgcegt cgactgtcag

atcaacatct acggcgccac

gggecegege ccatctecty

<210> SEQ ID NO 90
H: 246

<211> LENGT.
<212> TYPE:
<213> ORGAN
<400> SEQUE:

Met Lys Leu
1

Gly His Ala

Ser Leu Thr
35

Val Asn Ser
50
Thr Ile Ile

His Val Ile

Ala Lys Ser

PRT
ISM:

NCE :

Ser

Ile

20

Gly

Gln

Glu

Gly

His
100

Myceliophthora t
90

Leu Phe Ser Val

Phe Gln Lys Val

Leu Arg Ala Pro
40

Asp Met Ile Cys
55

Val Lys Ala Gly
70

Gly Ala Gln Phe

Lys Gly Pro Val

actgcectca
cagggctece
agccaggaca
geeggegata
gacccagaca
gttgacaatg
gagggacatc
gatttgggag
taacaacggc
cegegtegag
gtcetgegee
cttecegggt
cggecagecc

ctga

hermophila

Leu Ala Thr

Ser Val Asn
25

Asn Asn Asn

Gly Gln Ser

Asp Arg Ile

75

Pro Asn Asp
90

Met Ala Tyr
105

Asn Gly Gly
Asn Gly Gly
270

Gly Ile Gly
285

Val Ser Asn
300

cegtegaggg
tcaccggect
tgatctgegy
ggatcggtge
acccgattge
ccgcaaccge
gggttgggea
gataccttta
tgggtgtact
gtcetegete
cagatcaacg
gectacageg

gacaacaacg

Ala Leu Thr

Gly Ala Asp
30

Asn Pro Val
45

Gly Ser Thr
60

Gly Ala Trp

Pro Asp Asn

Leu Ala Lys
110

Gly Gly
255

Gly Gly

Tyr Thr

Glu Tyr

gecatgccate
cegegetecee
ccagteggga
ctggtatcag
caagtcgcac
cagcaagacg
agtcgagact
atcccagcac
tcaacctece
tgcactecgge
tatccggegy
ccagcgacce

gecagecgta

Val Glu

Gln Gly

Gln Asp

Ser Asn

Tyr Gln

80

Pro Ile
95

Val Asp

60

120

180

240

300

360

420

480

540

600

660

720

780

814
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Asn Ala Ala Thr Ala Ser Lys Thr Gly Leu Lys Trp Phe Lys Ile Trp
115 120 125

Glu Asp Thr Phe Asn Pro Ser Thr Lys Thr Trp Gly Val Asp Asn Leu
130 135 140

Ile Asn Asn Asn Gly Trp Val Tyr Phe Asn Leu Pro Gln Cys Ile Ala
145 150 155 160

Asp Gly Asn Tyr Leu Leu Arg Val Glu Val Leu Ala Leu His Ser Ala
165 170 175

Tyr Ser Gln Gly Gln Ala Gln Phe Tyr Gln Ser Cys Ala Gln Ile Asn
180 185 190

Val Ser Gly Gly Gly Ser Phe Thr Pro Pro Ser Thr Val Ser Phe Pro
195 200 205

Gly Ala Tyr Ser Ala Ser Asp Pro Gly Ile Leu Ile Asn Ile Tyr Gly
210 215 220

Ala Thr Gly Gln Pro Asp Asn Asn Gly Gln Pro Tyr Thr Ala Pro Gly
225 230 235 240

Pro Ala Pro Ile Ser Cys
245

<210> SEQ ID NO 91

<211> LENGTH: 1115

<212> TYPE: DNA

<213> ORGANISM: Thermoascus aurantiacus

<400> SEQUENCE: 91

atgtcgttet cgaagattge tgcgatcace ggggecatta cctatgegte tcetggecgece 60
getcacggtt atgttacagg aatcgtagcc gatggcacct agtatgtaac getcatgeca 120
agatccgeat tgctgtacta acaattagca gctacggggg ctatatcegtg acccaatacce 180
cctacatgte gacaccgecg gatgtcateg cctggtetac caaagcaact gatcttggtt 240
tcgtggatce cagtagetat gettegtetg atattatetg ccacaagggt getgagectg 300

gtgcectgag cgccaaggtg getgetggag ggaccegtega getgcagtgyg acggattgge 360

ctgagagtca caagggcccg gtcattgact acctegecge ctgtaacggg gactgctcega 420
ctgtcgacaa gaccaaacta gagttcttca agattgatga gagtggccta attgacggca 480
gecagcgeccee aggcacatgg gectctgaca acttgattge caataacaac agetggacceg 540
tcaccatcce gagcacgatt geteceggea actatgtect gagacatgaa atcattgecce 600
tccactcege cggaaataca aatggtgete agaactacce ccagtgtate aaccttgagg 660
tcacaggcag tggcaccgac acccctgecg geaccectegg aacggagett tataaggcaa 720
cggaccctgg cattctggte aacatctace agaccctgac cagetacgat attccceggece 780
ctgctetgta caccggtggt agetctggta getcetggtte ctcecaacace gcecaaggeca 840
ccacttcgac ggcttetage tctatcegtga ccecgacgec tgttaacaac ccaaccgtta 900
ctcagactge cgttgttgat gtcacccaga ctgtttecca gaatgetgee gtegecacca 960

cgactcegge ctccactgca gttgctacag ctgtcccaac gggaaccacce tttagetttg 1020
attcgatgac ctcggatgaa ttcecgtcagce tgatgcgtge gaccgtgaat tggectgettt 1080
ctaacaagaa gcatgcccgg gatctttctt actaa 1115
<210> SEQ ID NO 92

<211> LENGTH: 354

<212> TYPE: PRT
<213> ORGANISM: Thermoascus aurantiacus
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240

<400> SEQUENCE:

Met

1

Ser

Thr

Pro

65

Ala

Glu

Asp

Lys

Ser

145

Ser

Leu

Ala

Thr

Asp

225

Ile

Ser

Thr
305
Phe

Ala

Ser

<210>
<211>
<212>
<213>

<400>

Ser

Leu

Tyr

Pro

50

Asp

Glu

Leu

Tyr

Leu

130

Ala

Trp

Arg

Gln

Asp

210

Pro

Pro

Ser

Thr

Asp

290

Pro

Ser

Thr

Tyr

Phe

Ala

Tyr

35

Asp

Pro

Pro

Gln

Leu

115

Glu

Pro

Thr

His

Asn

195

Thr

Gly

Gly

Asn

Pro

275

Val

Ala

Phe

Val

Ser

Ala

20

Gly

Val

Ser

Gly

Trp

100

Ala

Phe

Gly

Val

Glu

180

Tyr

Pro

Ile

Pro

Thr

260

Thr

Thr

Ser

Asp

Asn
340

SEQUENCE :

Lys

Ala

Gly

Ile

Ser

Ala

85

Thr

Ala

Phe

Thr

Thr

165

Ile

Pro

Ala

Leu

Ala

245

Ala

Pro

Gln

Thr

Ser

325

Trp

SEQ ID NO 93
LENGTH:
TYPE: DNA
ORGANISM: Aspergillus fumigatus

862

93

Ile

His

Tyr

Ala

Tyr

70

Leu

Asp

Cys

Lys

Trp

150

Ile

Ile

Gln

Gly

Val

230

Leu

Lys

Val

Thr

Ala

310

Met

Leu

Ala Ala

Gly Tyr

Ile Val

40

Trp Ser

Ala Ser

Ser Ala

Trp Pro

Asn Gly

120

Ile Asp
135

Ala Ser

Pro Ser

Ala Leu

Cys Ile

200

Thr Leu
215

Asn Ile

Tyr Thr

Ala Thr

Asn Asn

280
Val Ser
295
Val Ala

Thr Ser

Leu Ser

Ile

Val

25

Thr

Thr

Ser

Lys

Glu

105

Asp

Glu

Asp

Thr

His

185

Asn

Gly

Tyr

Gly

Thr

265

Pro

Gln

Thr

Asp

Asn
345

Thr

10

Thr

Gln

Lys

Asp

Val

90

Ser

Cys

Ser

Asn

Ile

170

Ser

Leu

Thr

Gln

Gly

250

Ser

Thr

Asn

Ala

Glu
330

Lys

Gly

Gly

Tyr

Ala

Ile

75

Ala

His

Ser

Gly

Leu

155

Ala

Ala

Glu

Glu

Thr

235

Ser

Thr

Val

Ala

Val

315

Phe

Lys

Ala

Ile

Pro

Thr

60

Ile

Ala

Lys

Thr

Leu

140

Ile

Pro

Gly

Val

Leu

220

Leu

Ser

Ala

Thr

Ala

300

Pro

Val

His

Ile

Val

Tyr

45

Asp

Cys

Gly

Gly

Val

125

Ile

Ala

Gly

Asn

Thr

205

Tyr

Thr

Gly

Ser

Gln

285

Val

Thr

Ser

Ala

Thr

Ala

30

Met

Leu

His

Gly

Pro

110

Asp

Asp

Asn

Asn

Thr

190

Gly

Lys

Ser

Ser

Ser

270

Thr

Ala

Gly

Leu

Arg
350

Tyr

15

Asp

Ser

Gly

Lys

Thr

95

Val

Lys

Gly

Asn

Tyr

175

Asn

Ser

Ala

Tyr

Ser

255

Ser

Ala

Thr

Thr

Met
335

Asp

Ala

Gly

Thr

Phe

Gly

80

Val

Ile

Thr

Ser

Asn

160

Val

Gly

Gly

Thr

Asp

240

Gly

Ile

Val

Thr

Thr

320

Arg

Leu



241

US 9,434,972 B2

242

-continued
atgactttgt ccaagatcac ttccattget ggecttetgyg cctecagegte tcetegtgget 60
ggccacgget ttgtttcetgg cattgttgct gatgggaaat agtatgtget tgaaccacac 120
aaatgacagc tgcaacagct aacttctatt ccagttacgg agggtacctt gttaaccaat 180
acccctacat gagcaaccct cccgacacca ttgectggte caccaccgece accgaccteg 240
getttgtgga cggcaccgge taccagtctce cggatattat ctgccacaga gacgcaaaga 300
atggcaagtt gaccgcaacc gttgcagecg gttcacagat cgaattccag tggacgacgt 360
ggccagagte tcaccatgga ccggtacgac gccgaagaga agagaacata ttgtgaccag 420
ataggctaac atagcatagt tgattactta cctcgctceca tgcaacggeyg actgtgccac 480
cgtggacaag accaccctga agtttgtcaa gatcgccget caaggcttga tcgacggcete 540
caacccacct ggtgtttggg ctgatgatga aatgatcgec aacaacaaca cggccacagt 600
gaccattcct gectectatg cccecggaaa ctacgtectt cgccacgaga tcatcgeect 660
tcactctgeg ggtaacctga acggcgegca gaactaccee cagtgtttca acatccaaat 720
caccggtgge ggcagtgetce agggatctgg caccgcetgge acgtccctgt acaagaatac 780
tgatcctgge atcaagtttg acatctactce ggatctgage ggtggatacce ctattcctgg 840
tcetgcactg ttcaacgcett aa 862

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 94
H: 250
PRT

<213> ORGANISM: Aspergillus fumi

<400> SEQUENCE: 94

Met Thr Leu
1

Ser Leu Val
Lys Tyr Tyr
35

Pro Pro Asp
50

Val Asp Gly
65

Ala Lys Asn

Glu Phe Gln

Thr Tyr Leu
115

Thr Leu Lys
130

Asn Pro Pro
145

Thr Ala Thr

Leu Arg His

Ala Gln Asn
195

Ser Ala Gln
210

Ser Lys Ile Thr Ser

5

Ala Gly His Gly Phe

20

Gly Gly Tyr Leu Val

40

Thr Ile Ala Trp Ser

Thr Gly Tyr Gln Ser

70

Gly Lys Leu Thr Ala

85

Trp Thr Thr Trp Pro

100

Ala Pro Cys Asn Gly

120

Phe Val Lys Ile Ala

135

Gly Val Trp Ala Asp
150

Val Thr Ile Pro Ala

165

Glu Ile Ile Ala Leu

180

Tyr Pro Gln Cys Phe

200

Gly Ser Gly Thr Ala

215

gatus

Ile Ala Gly
10

Val Ser Gly
25

Asn Gln Tyr

Thr Thr Ala

Pro Asp Ile
75

Thr Val Ala
90

Glu Ser His
105

Asp Cys Ala

Ala Gln Gly

Asp Glu Met
155

Ser Tyr Ala
170

His Ser Ala
185

Asn Ile Gln

Gly Thr Ser

Leu Leu Ala
Ile Val Ala
30

Pro Tyr Met
45

Thr Asp Leu
60

Ile Cys His

Ala Gly Ser

His Gly Pro
110

Thr Val Asp
125

Leu Ile Asp
140

Ile Ala Asn

Pro Gly Asn

Gly Asn Leu
190

Ile Thr Gly
205

Leu Tyr Lys
220

Ser Ala
15

Asp Gly

Ser Asn

Gly Phe

Arg Asp

80

Gln Ile
95

Leu Ile

Lys Thr

Gly Ser

Asn Asn
160

Tyr Val
175
Asn Gly

Gly Gly

Asn Thr
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244

Asp Pro Gly Ile Lys Phe Asp Ile Tyr Ser Asp Leu Ser Gly Gly Tyr

225

230

235 240

Pro Ile Pro Gly Pro Ala Leu Phe Asn Ala

<210>
<211>
<212>
<213>

<400>

atgcctteta ctaaagtege

ggccatggtt

ttattaaact

ccectacgag

attcgteget

tggcgegett

geccgatagt

taccgtggat

tactaccccce

tgtaactatc

tcttcactcee

gatcaccgge

tactgaccce

accaactctyg

tgctacgact

tccagettea

tgtcegtgact

a

<210>
<211>
<212>
<213>

<400>

SEQUENCE :

ttgtgcaaaa

agacatgett

tccaacccac

cccagtgagt

tctgctecag

catcacggte

aagactaagc

ccgggtacat

ccctecacca

getggaaacy

agcggaaccg

ggtatcttygyg

tggagcggtyg

gccactgett

tctaccttty

gtcaccgatyg

PRT

SEQUENCE :

Met Pro Ser Thr

1

Ser

Lys

Pro

65

Ala

Glu

Thr

Ser

Pro

50

Ala

Thr

Leu

Val

Tyr

35

Ala

Pro

Pro

Gln

Ala

20

Ser

Val

Ser

Gly

Trp
100

245

SEQ ID NO 95
LENGTH:
TYPE: DNA

ORGANISM: Penicillium pinophilum

1021

95

SEQ ID NO 96
LENGTH:
TYPE :
ORGANISM:

322

250

tgcecctttet getgttetag ctttggecte cacggttget
catcgttate gacggtaaat cgtaagcagt gatgcatcca
acaaaaaaat cagttactct ggataccttyg tgaatcagtt
cagctgttat tgggtgggca acaactgcaa ccgacctggg
acaccaatgc agacattatc tgccacaaga acgccacacc
ttgctgcagyg gggcactgte gagctccagt ggactacatg
ctgtcatcag ctacctegece aactgcaatyg geaattgtte
tagactttgt caagattgac caaggtggtt tgatcgacga
gggetteega caaacttatce getgccaaca acagctggac
tcgegectgyg aaactacgtt ttgegecacyg aaatcattge
cagacggtge ccaaaactac cctcaatgca tcaacttgga
cegeteccte tggtacceget ggcgaaaage tctacacctce
tcaatatcta ccaatccttg tcgacctacyg ttattceegg
ctgccaatgg cgctgttgee actggttetyg ctactgeggt
ctgcgacege tactcctacce acacttgtta cctetgtege
ccactgetgt tgtgaccact gtegetectyg cagtaactga

tagttaccgt gaccaccgte atcaccacta ctgtectttg

Penicillium pinophilum

96

Lys Val

Gly His

Gly Tyr

Ile Gly

Glu Tyr

70

Ala Leu
85

Thr Thr

Ala Ala Leu Ser Ala Val Leu Ala Leu Ala
10 15

Gly Phe Val Gln Asn Ile Val Ile Asp Gly
25 30

Leu Val Asn Gln Phe Pro Tyr Glu Ser Asn
40 45

Trp Ala Thr Thr Ala Thr Asp Leu Gly Phe
55 60

Thr Asn Ala Asp Ile Ile Cys His Lys Asn
75 80

Ser Ala Pro Val Ala Ala Gly Gly Thr Val
90 95

Trp Pro Asp Ser His His Gly Pro Val Ile
105 110

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1021
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Ser Tyr Leu Ala Asn Cys Asn Gly Asn Cys Ser Thr Val Asp Lys Thr
115 120 125

Lys Leu Asp Phe Val Lys Ile Asp Gln Gly Gly Leu Ile Asp Asp Thr
130 135 140

Thr Pro Pro Gly Thr Trp Ala Ser Asp Lys Leu Ile Ala Ala Asn Asn
145 150 155 160

Ser Trp Thr Val Thr Ile Pro Ser Thr Ile Ala Pro Gly Asn Tyr Val
165 170 175

Leu Arg His Glu Ile Ile Ala Leu His Ser Ala Gly Asn Ala Asp Gly
180 185 190

Ala Gln Asn Tyr Pro Gln Cys Ile Asn Leu Glu Ile Thr Gly Ser Gly
195 200 205

Thr Ala Ala Pro Ser Gly Thr Ala Gly Glu Lys Leu Tyr Thr Ser Thr
210 215 220

Asp Pro Gly Ile Leu Val Asn Ile Tyr Gln Ser Leu Ser Thr Tyr Val
225 230 235 240

Ile Pro Gly Pro Thr Leu Trp Ser Gly Ala Ala Asn Gly Ala Val Ala
245 250 255

Thr Gly Ser Ala Thr Ala Val Ala Thr Thr Ala Thr Ala Ser Ala Thr
260 265 270

Ala Thr Pro Thr Thr Leu Val Thr Ser Val Ala Pro Ala Ser Ser Thr
275 280 285

Phe Ala Thr Ala Val Val Thr Thr Val Ala Pro Ala Val Thr Asp Val
290 295 300

Val Thr Val Thr Asp Val Val Thr Val Thr Thr Val Ile Thr Thr Thr
305 310 315 320

Val Leu

<210> SEQ ID NO 97
<211> LENGTH: 1486
<212> TYPE: DNA

<213> ORGANISM: Thermoascus sp.

<400> SEQUENCE: 97

atgttgtegt tcgettetge caagtcaget gtgectgacga cecttetact tettggatcece 60
getcaggete acactttgat gaccaccctyg tttgtggatg gegtcaatca gggagatggt 120
gtctgtatte gcatgaacaa caacggtagt actgccaaca cctatatcca gectgtcacyg 180
agcaaggata ttgcctgegg taagtacagt accggtecag atatcatact ctatttcaat 240
ccgacaacag tcagagetgg agagcaatge taaacatcec caggcattca aggcgaaatt 300
ggcgeegete gagtetgtee agccaaggcet tcatccacce tcacgtteca attecgagag 360
cagccatcca acccgaatte cgetectete gatcectege acaaaggece cgetgeggtg 420
tacctgaaaa aggtagactc cgccategeg agcaacaacg cegetggaga cggetggtte 480
aagatctggg agtcegteta cgacgagtee acgggcaaat ggggtacgac caagatgatce 540
gagaacaacg ggcacatctc tgtcaaggtce cccgacgata tcgagggtgg gtattatcte 600
gegegtacgg agettetgge getgcacgeyg gcegaacgaag gggatccgea gttctacgtt 660
ggctgegege agetgttcat cgattcageg gggacagcega aaccgectac tgtctctatt 720
ggagagggga cctacgatct gagcatgect gccatgacgt acaatatcta ccagactceg 780
ttggctctac catacccgat gtatgggect cctgtctaca cacctggete tggetegggt 840

tctggetetyg gtteegggte agettetgea acgagatctt ctgetattee tactgcecace 900
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getgttacgyg actgttctte cgaagaggac agggaagact cagtcatggce aaccggtgtt 960
ccegttgcaa gaagcacact cagaacctgg gttgacagac tgtcatggca tggtaaggcece 1020
cgtgagaacg tgaaaccagc cgccaggaga agegeccttyg tcecagaccga gggtctgaag 1080
ccggaaggcet gecatcttegt caacggcaac tggtgcggtt tcgaggtccce cgattacaac 1140
gatgcggaaa gctgctggge tgtacgttcce cgtctaatta cttaaaacga aataaaagct 1200
aacagtactt ttctttttet aatcccaggce cteccgacaac tgctggaaac agtccgactce 1260
gtgctggaac cagacccage ccaccggcta caacaactge cagatctggce aagaccagaa 1320
atgcaagcce atccaggact cgtgtageca atccaacceg actggaccge cgaacaaggg 1380
caaggatata actccaacgt ggccgeccect ggagggcteg atgaagacct tcaccaagceg 1440
cactgtcagt taccgtgatt ggattatgaa aaggaaagga gcataa 1486

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 98
H: 444
PRT

ISM: Thermoascus sp.

<400> SEQUENCE: 98

Met Leu Ser
1

Leu Leu Gly

Asp Gly Val

Gly Ser Thr
50

Ala Cys Gly
65

Lys Ala Ser

Pro Asn Ser

Tyr Leu Lys
115

Asp Gly Trp
130

Lys Trp Gly
145

Lys Val Pro

Leu Leu Ala

Gly Cys Ala
195

Thr Val Ser
210

Thr Tyr Asn
225

Gly Pro Pro

Ser Gly Ser

Phe Ala Ser Ala Lys

Ser Ala Gln Ala His

20

Asn Gln Gly Asp Gly

Ala Asn Thr Tyr Ile

55

Ile Gln Gly Glu Ile

70

Ser Thr Leu Thr Phe

85

Ala Pro Leu Asp Pro

100

Lys Val Asp Ser Ala

120

Phe Lys Ile Trp Glu

135

Thr Thr Lys Met Ile
150

Asp Asp Ile Glu Gly

165

Leu His Ala Ala Asn

180

Gln Leu Phe Ile Asp

200

Ile Gly Glu Gly Thr

215

Ile Tyr Gln Thr Pro
230

Val Tyr Thr Pro Gly

245

Ala Ser Ala Thr Arg

260

Ser

Thr

25

Val

Gln

Gly

Gln

Ser

105

Ile

Ser

Glu

Gly

Glu

185

Ser

Tyr

Leu

Ser

Ser
265

Ala

10

Leu

Cys

Pro

Ala

Phe

90

His

Ala

Val

Asn

Tyr

170

Gly

Ala

Asp

Ala

Gly
250

Ser

Val

Met

Ile

Val

Ala

75

Arg

Lys

Ser

Tyr

Asn

155

Tyr

Asp

Gly

Leu

Leu
235

Ser

Ala

Leu Thr Thr
Thr Thr Leu
30

Arg Met Asn
45

Thr Ser Lys
60

Arg Val Cys

Glu Gln Pro

Gly Pro Ala
110

Asn Asn Ala
125

Asp Glu Ser
140

Gly His Ile

Leu Ala Arg

Pro Gln Phe
190

Thr Ala Lys
205

Ser Met Pro
220

Pro Tyr Pro

Gly Ser Gly

Ile Pro Thr
270

Leu Leu
15

Phe Val

Asn Asn

Asp Ile

Pro Ala
80

Ser Asn
95

Ala Val

Ala Gly

Thr Gly

Ser Val
160

Thr Glu
175

Tyr Val

Pro Pro

Ala Met

Met Tyr
240

Ser Gly
255

Ala Thr
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Ala Val Thr Asp Cys Ser Ser Glu Glu Asp Arg Glu Asp Ser Val Met
275 280 285

Ala Thr Gly Val Pro Val Ala Arg Ser Thr Leu Arg Thr Trp Val Asp
290 295 300

Arg Leu Ser Trp His Gly Lys Ala Arg Glu Asn Val Lys Pro Ala Ala
305 310 315 320

Arg Arg Ser Ala Leu Val Gln Thr Glu Gly Leu Lys Pro Glu Gly Cys
325 330 335

Ile Phe Val Asn Gly Asn Trp Cys Gly Phe Glu Val Pro Asp Tyr Asn
340 345 350

Asp Ala Glu Ser Cys Trp Ala Ala Ser Asp Asn Cys Trp Lys Gln Ser
355 360 365

Asp Ser Cys Trp Asn Gln Thr Gln Pro Thr Gly Tyr Asn Asn Cys Gln
370 375 380

Ile Trp Gln Asp Gln Lys Cys Lys Pro Ile Gln Asp Ser Cys Ser Gln
385 390 395 400

Ser Asn Pro Thr Gly Pro Pro Asn Lys Gly Lys Asp Ile Thr Pro Thr
405 410 415

Trp Pro Pro Leu Glu Gly Ser Met Lys Thr Phe Thr Lys Arg Thr Val
420 425 430

Ser Tyr Arg Asp Trp Ile Met Lys Arg Lys Gly Ala
435 440

<210> SEQ ID NO 99

<211> LENGTH: 835

<212> TYPE: DNA

<213> ORGANISM: Penicillium sp.

<400> SEQUENCE: 99

atgctgtett cgacgacteg caccctegece tttacaggece ttgegggect tetgteceget 60
ccectggtea aggcccatgg ctttgtecag ggeattgtea teggtgacca attgtaagte 120
cctetettge agttetgteg attaactget ggactgettg cttgactece tgetgactece 180
caacagctac agcgggtaca tcgtcaacte gttcccctac gaatccaace cacccccecegt 240
catcggetgyg gecacgacceg ccaccgacct gggettegte gacggcacag gataccaagg 300
cceggacate atctgecace ggaatgegac geccgegeeg ctgacagece cegtggecge 360
cggeggeace gtcegagetge agtggacgece gtggecggac agccaccacg gacccegtceat 420
cacctacctyg gegeegtgea acggcaactyg ctegacegte gacaagacga cgetggagtt 480
cttcaagate gaccagcagg gectgatega cgacacgage cegecgggea cctgggegte 540
ggacaaccte atcgccaaca acaatagctyg gaccgtcacce attcccaaca gegtegecec 600
cggcaactac gtectgegee acgagatcat cgecctgeac teggccaaca acaaggacgg 660
cgcccagaac tacccccagt geatcaacat cgaggtcacg ggeggegget ccgacgegece 720
tgagggtact ctgggcgagg atctctacca tgacaccgac cegggeatte tggtcgacat 780
ttacgagcce attgegacgt ataccattee ggggecgect gagecgacgt tctag 835

<210> SEQ ID NO 100

<211> LENGTH: 253

<212> TYPE: PRT

<213> ORGANISM: Penicillium sp.

<400> SEQUENCE: 100

Met Leu Ser Ser Thr Thr Arg Thr Leu Ala Phe Thr Gly Leu Ala Gly
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1 5 10 15

Leu Leu Ser Ala Pro Leu Val Lys Ala His Gly Phe Val Gln Gly Ile
20 25 30

Val Ile Gly Asp Gln Phe Tyr Ser Gly Tyr Ile Val Asn Ser Phe Pro
35 40 45

Tyr Glu Ser Asn Pro Pro Pro Val Ile Gly Trp Ala Thr Thr Ala Thr
50 55 60

Asp Leu Gly Phe Val Asp Gly Thr Gly Tyr Gln Gly Pro Asp Ile Ile
Cys His Arg Asn Ala Thr Pro Ala Pro Leu Thr Ala Pro Val Ala Ala
85 90 95

Gly Gly Thr Val Glu Leu Gln Trp Thr Pro Trp Pro Asp Ser His His
100 105 110

Gly Pro Val Ile Thr Tyr Leu Ala Pro Cys Asn Gly Asn Cys Ser Thr
115 120 125

Val Asp Lys Thr Thr Leu Glu Phe Phe Lys Ile Asp Gln Gln Gly Leu
130 135 140

Ile Asp Asp Thr Ser Pro Pro Gly Thr Trp Ala Ser Asp Asn Leu Ile
145 150 155 160

Ala Asn Asn Asn Ser Trp Thr Val Thr Ile Pro Asn Ser Val Ala Pro
165 170 175

Gly Asn Tyr Val Leu Arg His Glu Ile Ile Ala Leu His Ser Ala Asn
180 185 190

Asn Lys Asp Gly Ala Gln Asn Tyr Pro Gln Cys Ile Asn Ile Glu Val
195 200 205

Thr Gly Gly Gly Ser Asp Ala Pro Glu Gly Thr Leu Gly Glu Asp Leu
210 215 220

Tyr His Asp Thr Asp Pro Gly Ile Leu Val Asp Ile Tyr Glu Pro Ile
225 230 235 240

Ala Thr Tyr Thr Ile Pro Gly Pro Pro Glu Pro Thr Phe
245 250

<210> SEQ ID NO 101

<211> LENGTH: 977

<212> TYPE: DNA

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 101

atgaagctgt catcccaget cgecgeccte acgetggeeg cggectceegt gtcaggecac 60
tacatctteg agcagattge ccatggegge accaagttec caccttacga gtacatccga 120
agaaacacga actataacag ccctgtcace agtctctegt cgaacgacct gegatgcaac 180
gtaggceggeg agacggctgg caacacgacce gtectegacg tgaaggeggyg cgactectte 240
accttetact cggacgtgge cgtgtaccac caggggecca tcetcactgtg cgtgeccegg 300
gccaactttyg atcagtccca agcggactgt ccgctegect ggataaccac aattgactga 360
cagccogeac agctacatgt ccaaggctcee cggceteegte gtggactacg acggetceegg 420
cgactggtte aagatccacg actggggece gaccttecage aacggecagg cctegtggece 480
getgeggggt gegtecctte cettteccte ccecttecte ceecttecte ceececttte 540
ccecectttte tgtetggteg cacgecctge tgacgtecce gtagacaact accagtacaa 600
catcccgacyg tgcatcccga acggcgagta cctgetgege atccagtege tggegatcca 660

caacccggge gccacgecge agttctacat cagetgegeg caggtecggg tetegggegg 720
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cggcagegee tcccectece caacggecaa gatcccegge gegttcaagyg cgaccgatce 780
cgggtatace gcgaatgtga gtgccctatg ttecttgege tecttgttece ttgetecttyg 840
cteggegtge ttgaacgcta cgggetgtgg agggagggat ggatggatga ataggatget 900
gactgatggt gggacaccag atttacaata acttccactc gtatacggtg cegggtccegg 960
cggtctttca gtgctag 977
<210> SEQ ID NO 102
<211> LENGTH: 223
<212> TYPE: PRT
<213> ORGANISM: Thielavia terrestris
<400> SEQUENCE: 102
Met Lys Leu Ser Ser Gln Leu Ala Ala Leu Thr Leu Ala Ala Ala Ser
1 5 10 15
Val Ser Gly His Tyr Ile Phe Glu Gln Ile Ala His Gly Gly Thr Lys
20 25 30
Phe Pro Pro Tyr Glu Tyr Ile Arg Arg Asn Thr Asn Tyr Asn Ser Pro
35 40 45
Val Thr Ser Leu Ser Ser Asn Asp Leu Arg Cys Asn Val Gly Gly Glu
50 55 60
Thr Ala Gly Asn Thr Thr Val Leu Asp Val Lys Ala Gly Asp Ser Phe
65 70 75 80
Thr Phe Tyr Ser Asp Val Ala Val Tyr His Gln Gly Pro Ile Ser Leu
85 90 95
Tyr Met Ser Lys Ala Pro Gly Ser Val Val Asp Tyr Asp Gly Ser Gly
100 105 110
Asp Trp Phe Lys Ile His Asp Trp Gly Pro Thr Phe Ser Asn Gly Gln
115 120 125
Ala Ser Trp Pro Leu Arg Asp Asn Tyr Gln Tyr Asn Ile Pro Thr Cys
130 135 140
Ile Pro Asn Gly Glu Tyr Leu Leu Arg Ile Gln Ser Leu Ala Ile His
145 150 155 160
Asn Pro Gly Ala Thr Pro Gln Phe Tyr Ile Ser Cys Ala Gln Val Arg
165 170 175
Val Ser Gly Gly Gly Ser Ala Ser Pro Ser Pro Thr Ala Lys Ile Pro
180 185 190
Gly Ala Phe Lys Ala Thr Asp Pro Gly Tyr Thr Ala Asn Ile Tyr Asn
195 200 205
Asn Phe His Ser Tyr Thr Val Pro Gly Pro Ala Val Phe Gln Cys
210 215 220
<210> SEQ ID NO 103
<211> LENGTH: 878
<212> TYPE: DNA
<213> ORGANISM: Thielavia terrestris
<400> SEQUENCE: 103
atgaagttct cactggtgtc tctgctgget tacggcectet cggtegagge gcactccate 60
ttccaggtte gtctegecaca tcacgctcaa cteggctegt ggegtaaggyg caaggattaa 120
cacggccgge agagagtctce ggtcaacgge caagaccaag gcectgctcac cggectecge 180
gctecaagea acaacaaccce agtgcaagat gtcaacagec agaacatgat ttgcggccag 240
tcgggeteca agtcegcagac cgttatcaac gtcaaggecyg gcgacaggat cggctegete 300
tggcagcatg tcatcggegg cgcccagttt tegggtgace cggacaacce gatcgeccac 360



255

US 9,434,972 B2

256

-continued
tcgcacaagg gcccegtgat ggcgtacctt getaaggteg acaatgccege gtcecgegage 420
caaacgggte tgaagtggta agtageggge gacgctcagyg ggacggggat cgggggectg 480
ctccatccega gactaacacce gtggacaggt tcaagatctyg gcaggacggyg ttcgatacca 540
gcagcaagac atggggcgtce gacaacctga tcaagaacaa cggctgggtg tacttccacce 600
tgccgecagtyg cctegeteceg ggccagtate tectgegegt cgaggttetyg gegetgeact 660
cggegtacca gcagggcecag geccagttet accagtcectyg cgeccagatce aacgtctcecg 720
geteegggte cttcagcceg tceccagacgg tcagcatcce gggegtctac agegecaccy 780
acccgagcat cctcatcaac atctacggca gcacggggca gceccgacaac ggcggcaagg 840
cttacaaccc ccctggacce gecccgatcet cctgctga 878

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 104
H: 246
PRT

ISM: Thielavia terrestris

<400> SEQUENCE: 104

Met Lys Phe
1

Ala His Ser
Leu Leu Thr
35

Val Asn Ser
50

Thr Val Ile

His Val Ile

Ala His Ser

Asn Ala Ala
115

Gln Asp Gly
130

Ile Lys Asn
145

Pro Gly Gln

Tyr Gln Gln

195

Gly Val Tyr
210

Ser Thr Gly
225

Pro Ala Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Leu Val Ser Leu

5

Ile Phe Gln Arg Val

20

Gly Leu Arg Ala Pro

40

Gln Asn Met Ile Cys

Asn Val Lys Ala Gly

70

Gly Gly Ala Gln Phe

85

His Lys Gly Pro Val

100

Ser Ala Ser Gln Thr

120

Phe Asp Thr Ser Ser

135

Asn Gly Trp Val Tyr
150

Tyr Leu Leu Arg Val

165

Gly Gln Ala Gln Phe

180

Ser Gly Ser Phe Ser

200

Ser Ala Thr Asp Pro

215

Gln Pro Asp Asn Gly
230

Ile Ser Cys

245
D NO 105
H: 1253

DNA

Leu

Ser

25

Ser

Gly

Asp

Ser

Met

105

Gly

Lys

Phe

Glu

Tyr

185

Pro

Ser

Gly

Ala

10

Val

Asn

Gln

Arg

Gly

90

Ala

Leu

Thr

His

Val

170

Gln

Ser

Ile

Lys

Tyr

Asn

Asn

Ser

Ile

75

Asp

Tyr

Lys

Trp

Leu

155

Leu

Ser

Gln

Leu

Ala
235

Gly Leu Ser
Gly Gln Asp
30

Asn Pro Val
45

Gly Ser Lys

Gly Ser Leu

Pro Asp Asn

Leu Ala Lys
110

Trp Phe Lys
125

Gly Val Asp
140

Pro Gln Cys

Ala Leu His

Cys Ala Gln
190

Thr Val Ser
205

Ile Asn Ile
220

Tyr Asn Pro

Val Glu
15

Gln Gly

Gln Asp

Ser Gln

Trp Gln

80

Pro Ile
95

Val Asp

Ile Trp

Asn Leu

Leu Ala

160

Ser Ala

175

Ile Asn

Ile Pro

Tyr Gly

Pro Gly
240
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<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 105

atgaggacga cattegeccge cgegttggca gecttegetyg cgcaggaagt ggcaggccat 60
gecatcttee aacagetetyg ggtggacgge accgactata tacgtgetee cettttectt 120
ttgtgtttge ccatcctega ttgataacce gaggccatce aatgetgact cttacagcac 180
ggctectect gegteegeat gecgetgteg aactegeccyg tcacgaacgt cggcageagy 240
gacatgatct gecaacgcegg cacgegeccee gtcageggga agtgcccegt caaggecgge 300
ggcaccgtga cggttgagat gcaccaggtg ggctgattte ctgagegtece tattectecce 360
ggaagccect tteccatcet ttgecctgge taaccectee geccctecca geaacceggy 420
gatcggtegt gtaacaacga agccatcgge ggcgeccact ggggacceggt geaggtgtac 480
ctcagcaagg tggaggacge gagcacggeg gacgggtega cgggetggtt caagatctte 540

geggacacgt ggtccaagaa ggcgggcage tceggtggggg acgacgacaa ctggggeacyg 600

cgcgacctca acgegtgetyg cggcaagatg caggtcaaga teceggegga catccegteg 660

ggcgactace tgctgeggge ggaggegcetyg gegetgcaca cggegggeca ggtgggegge 720

gegcagttet acatgagetg ctaccagatce accegtgtegg geggeggeayg cgecageccg 780
gecaccegtca agtteccccegg cgcectacage gccaacgacce cgggcatcca catcaacatc 840
cacgcggeceg tgtccaacta cgtegegece ggeceggeeg tetatteegg cggcacgace 900
aaggtggcceg ggtcegggtyg ccaaggetge gagaacacgt gcaaggtegg ctegtegecce 960

acggcgacgg cgcegteggg caagagegge gegggtteceg acggeggege tgggaccgac 1020
ggegggtett cgtecttcegag ccccgacacg ggcagegegt geagegtgca ggectacggg 1080
cagtgcggcg ggaacgggta ctcecgggttge acccagtgeg cggtaagttce ggggtcegtcet 1140
gtcttttgta ggaacatccg agaggcttgg ctgacgaggce gttgttgtag cccggctata 1200
cttgcaaggce ggtctcteeg cecgtactatt cgcagtgege ccecttettet tag 1253
<210> SEQ ID NO 106

<211> LENGTH: 334

<212> TYPE: PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 106

Met Arg Thr Thr Phe Ala Ala Ala Leu Ala Ala Phe Ala Ala Gln Glu
1 5 10 15

Val Ala Gly His Ala Ile Phe Gln Gln Leu Trp His Gly Ser Ser Cys

Val Arg Met Pro Leu Ser Asn Ser Pro Val Thr Asn Val Gly Ser Arg
35 40 45

Asp Met Ile Cys Asn Ala Gly Thr Arg Pro Val Ser Gly Lys Cys Pro
50 55 60

Val Lys Ala Gly Gly Thr Val Thr Val Glu Met His Gln Gln Pro Gly
65 70 75 80

Asp Arg Ser Cys Asn Asn Glu Ala Ile Gly Gly Ala His Trp Gly Pro
85 90 95

Val Gln Val Tyr Leu Ser Lys Val Glu Asp Ala Ser Thr Ala Asp Gly
100 105 110

Ser Thr Gly Trp Phe Lys Ile Phe Ala Asp Thr Trp Ser Lys Lys Ala
115 120 125

Gly Ser Ser Val Gly Asp Asp Asp Asn Trp Gly Thr Arg Asp Leu Asn



US 9,434,972 B2
259 260

-continued

130 135 140

Ala Cys Cys Gly Lys Met Gln Val Lys Ile Pro Ala Asp Ile Pro Ser
145 150 155 160

Gly Asp Tyr Leu Leu Arg Ala Glu Ala Leu Ala Leu His Thr Ala Gly
165 170 175

Gln Val Gly Gly Ala Gln Phe Tyr Met Ser Cys Tyr Gln Ile Thr Val
180 185 190

Ser Gly Gly Gly Ser Ala Ser Pro Ala Thr Val Lys Phe Pro Gly Ala
195 200 205

Tyr Ser Ala Asn Asp Pro Gly Ile His Ile Asn Ile His Ala Ala Val
210 215 220

Ser Asn Tyr Val Ala Pro Gly Pro Ala Val Tyr Ser Gly Gly Thr Thr
225 230 235 240

Lys Val Ala Gly Ser Gly Cys Gln Gly Cys Glu Asn Thr Cys Lys Val
245 250 255

Gly Ser Ser Pro Thr Ala Thr Ala Pro Ser Gly Lys Ser Gly Ala Gly
260 265 270

Ser Asp Gly Gly Ala Gly Thr Asp Gly Gly Ser Ser Ser Ser Ser Pro
275 280 285

Asp Thr Gly Ser Ala Cys Ser Val Gln Ala Tyr Gly Gln Cys Gly Gly
290 295 300

Asn Gly Tyr Ser Gly Cys Thr Gln Cys Ala Pro Gly Tyr Thr Cys Lys
305 310 315 320

Ala Val Ser Pro Pro Tyr Tyr Ser Gln Cys Ala Pro Ser Ser
325 330

<210> SEQ ID NO 107

<211> LENGTH: 798

<212> TYPE: DNA

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 107

atgaagctga gcgttgecat cgccgtgetg gegteggete ttgecgagge tcactgtgag 60
tgcatecgtet cactccaget actgcgaage ttgctgacga tggtccctag acaccttcece 120
cagcatcgga aacaccgctg actggcagta tgtgcggatt acaacgaact accagagcaa 180
cgggecggty acggacgtca cctceggatca aattceggtge tacgaacgga acccaggcac 240
gggagcgcayg ggcatataca acgtcaccgce cggccagacce atcaactaca acgcgaaggce 300
gtecatctee caccecgggge ccatgtectt ctacattget aaggtteceg ceggccaaac 360
cgetgegace tgggacggta agggggetgt gtggaccaag atctaccagyg acatgceccaa 420
gtteggcage agectgacct ggcccaccat gggtaagaat tctcaccctg gaaatgaacy 480
cacatttgca cagatctaac atggcctaca ggcgccaagt ctgtcccegt caccatccct 540
cgttgectee agaacggcga ttaccttetg cgagccgage acatcgetcet acacagegeg 600
agcagegteg gtggegecca gttctaccte tegtgegece agettactgt cageggegge 660
agtggcacct ggaaccccaa gaaccgggte tecttceceeg gegettacaa ggcaacagac 720
cecgggeatet tgatcaacat ctactacccece gtgecgacca gctactcegece gcceggeccyg 780
ccggctgaga cgtgctaa 798

<210> SEQ ID NO 108

<211> LENGTH: 227

<212> TYPE: PRT

<213> ORGANISM: Thielavia terrestris
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<400> SEQUENCE: 108

Met Lys Leu Ser Val Ala Ile Ala Val Leu Ala Ser Ala Leu Ala Glu
1 5 10 15

Ala His Tyr Thr Phe Pro Ser Ile Gly Asn Thr Ala Asp Trp Gln Tyr
20 25 30

Val Arg Ile Thr Thr Asn Tyr Gln Ser Asn Gly Pro Val Thr Asp Val
35 40 45

Thr Ser Asp Gln Ile Arg Cys Tyr Glu Arg Asn Pro Gly Thr Gly Ala
50 55 60

Gln Gly Ile Tyr Asn Val Thr Ala Gly Gln Thr Ile Asn Tyr Asn Ala
65 70 75 80

Lys Ala Ser Ile Ser His Pro Gly Pro Met Ser Phe Tyr Ile Ala Lys
85 90 95

Val Pro Ala Gly Gln Thr Ala Ala Thr Trp Asp Gly Lys Gly Ala Val
100 105 110

Trp Thr Lys Ile Tyr Gln Asp Met Pro Lys Phe Gly Ser Ser Leu Thr
115 120 125

Trp Pro Thr Met Gly Ala Lys Ser Val Pro Val Thr Ile Pro Arg Cys
130 135 140

Leu Gln Asn Gly Asp Tyr Leu Leu Arg Ala Glu His Ile Ala Leu His
145 150 155 160

Ser Ala Ser Ser Val Gly Gly Ala Gln Phe Tyr Leu Ser Cys Ala Gln
165 170 175

Leu Thr Val Ser Gly Gly Ser Gly Thr Trp Asn Pro Lys Asn Arg Val
180 185 190

Ser Phe Pro Gly Ala Tyr Lys Ala Thr Asp Pro Gly Ile Leu Ile Asn
195 200 205

Ile Tyr Tyr Pro Val Pro Thr Ser Tyr Ser Pro Pro Gly Pro Pro Ala
210 215 220

Glu Thr Cys
225

<210> SEQ ID NO 109

<211> LENGTH: 1107

<212> TYPE: DNA

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 109

atgccttett tegectecaa gactctectt tecaccetgg cgggtgeege atcegtggece 60
geccacggge acgtgtcgaa catcgtcatce aacggggtcet cgtaccaggyg ttacgatceg 120
acctecettee cttacatgeca gaacccgece ategtggteg getggactge cgecgacacg 180
gacaacggct ttgttgccece ggatgectte gecagtggeg atatcatctyg ccacaagaac 240
gccaccaacg ccaagggcca cgcegtggte gecegegggag acaagatctt catccagtgg 300
aacacatggce ccgagtccca ccacggecce gtcatcgact acctegegag ctgeggcage 360
gegtectgeg agaccgtcga caagaccaag ctcgagttet tcaagatcega cgaggtegge 420
ctggtegacyg gcagctegge geceggtgtyg tggggeteeg accagetcat cgccaacaac 480
aactcgtgge tcgtegagat cecgeccace ategegecgg geaactacgt cctgegecac 540
gagatcatcg cgctgcacag cgccgaaaac gccgacggeg cccagaacta ccegeagtge 600
ttcaacctge agatcaccgg caccggcace gccaccecect ceggegtece cggcaccteg 660

ctctacacce cgaccgaccce gggcatccte gtcaacatet acagegccce gatcacctac 720
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accgtecegg ggceggecct catcteegge gecgtcagea tegeccagte ctectecgece 780
atcaccgect ccggcaccge cctgacegge tetgccaceyg cacccgecge cgecgetget 840
accacaactt ccaccaccaa cgccgegget getgctaccet ctgetgetge tgetgetggt 900
acttccacaa ccaccaccag cgccgeggece gtggtccaga cctectecte ctectectee 960
geeeegtect ctgecgecge cgecgecace accaccgegg ctgccagege cegeccgace 1020
ggctgctect ctggecgcte caggaagcag ccgcgcecgec acgcgcggga tatggtggtt 1080
gcgegagggyg ctgaggaggce aaactga 1107

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 110
H: 368
PRT

ISM: Thielavia terrestris

<400> SEQUENCE: 110

Met Pro Ser
1

Ala Ser Val
Val Ser Tyr
35

Pro Pro Ile
50

Val Ala Pro
65

Ala Thr Asn

Phe Ile Gln

Asp Tyr Leu

115

Thr Lys Leu
130

Ser Ser Ala
145

Asn Ser Trp

Val Leu Arg

Gly Ala Gln
195

Gly Thr Ala
210

Thr Asp Pro
225

Thr Val Pro

Ser Ser Ser

Thr Ala Pro
275

Ala Ala Ala
290

Phe Ala Ser Lys Thr

5

Ala Ala His Gly His

20

Gln Gly Tyr Asp Pro

40

Val Val Gly Trp Thr

55

Asp Ala Phe Ala Ser

70

Ala Lys Gly His Ala

85

Trp Asn Thr Trp Pro

100

Ala Ser Cys Gly Ser

120

Glu Phe Phe Lys Ile

135

Pro Gly Val Trp Gly
150

Leu Val Glu Ile Pro

165

His Glu Ile Ile Ala

180

Asn Tyr Pro Gln Cys

200

Thr Pro Ser Gly Val

215

Gly Ile Leu Val Asn
230

Gly Pro Ala Leu Ile

245

Ala Ile Thr Ala Ser

260

Ala Ala Ala Ala Ala

280

Ala Thr Ser Ala Ala

295

Leu

Val

25

Thr

Ala

Gly

Val

Glu

105

Ala

Asp

Ser

Pro

Leu

185

Phe

Pro

Ile

Ser

Gly
265

Thr

Ala

Leu

10

Ser

Ser

Ala

Asp

Val

90

Ser

Ser

Glu

Asp

Thr

170

His

Asn

Gly

Tyr

Gly

250

Thr

Thr

Ala

Ser

Asn

Phe

Asp

Ile

Ala

His

Cys

Val

Gln

155

Ile

Ser

Leu

Thr

Ser

235

Ala

Ala

Thr

Ala

Thr Leu Ala
Ile Val Ile
30

Pro Tyr Met
45

Thr Asp Asn
60

Ile Cys His

Ala Gly Asp

His Gly Pro

110

Glu Thr Val
125

Gly Leu Val
140

Leu Ile Ala

Ala Pro Gly

Ala Glu Asn
190

Gln Ile Thr
205

Ser Leu Tyr
220

Ala Pro Ile

Val Ser Ile

Leu Thr Gly

270

Ser Thr Thr
285

Gly Thr Ser
300

Gly Ala

Asn Gly

Gln Asn

Gly Phe

Lys Asn

80

Lys Ile
95

Val Ile

Asp Lys

Asp Gly

Asn Asn

160

Asn Tyr
175

Ala Asp

Gly Thr

Thr Pro

Thr Tyr

240
Ala Gln
255
Ser Ala

Asn Ala

Thr Thr
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Thr Thr Ser
305

Ala Pro Ser

Ala Arg Pro

Arg His Ala
355

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Ala Ala Val Val
310

Ser Ala Ala Ala Ala

325

Thr Gly Cys Ser Ser

340

Arg Asp Met Val Val

D NO 111
H: 993
DNA

360

Gln

Ala

Gly

345

Ala

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 111

atgcegecceyg

accgeecteg

ttcgaccege

gtcgacgacyg

gecggeacca

tggaacggct

tcggacacgg

tccageccga

aagcgctggg

geggggcetge

dcgaggaaga

ggtgataata

gatgcgtatg

acggeagege

gtgccgtacyg

acaaggacta

atgaagggga

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

cactccctcea

cccactcaca

gecegecacca

gettegtcac

gcccggcecgg

ggccggtegg

gCthangg

ccatgcagaa

ccaccgacgt

cgaccggage

acggggcgca

gtagtgtgge

acgcgegegy

tgtcgtegta

cgcagcagag

dcgagacgge

gggggtatga
D NO 112

H: 330
PRT

actcctaacc

cctegegtac

ggccaactac

geeggecaac

ccacgegecc

ccacatcggt

ccagaacaag

cgtegeegge

getgatcgee

gtacgtgcetyg

gaactatccyg

tgcaacgacyg

gttctacaag

tgtecgtgece

ccegagegty

gecegtacacyg

teggegggge

Thr
Thr
330

Arg

Arg

Ser
315
Thr

Ser

Gly

acggtectga

attatcgtta

ccttecegygy

tactccaccce

gtgcgecegg

ccegtgetgt

accgcgetge

gegggeacee

gccaacaaca

cgcaacgaga

ctctgcatga

geggeggtga

gagaacgatc

dggcecgacgyg

thangng

ggcgecatga

tag

ISM: Thielavia terrestris

<400> SEQUENCE: 112

Met Pro Pro
1

Thr Leu Gly
Val Asn Gly
35

Asn Tyr Pro
50

Phe Val Thr
65

Ala Gly Thr

Ala Leu Pro Gln Leu

5

Ser Thr Ala Leu Ala

20

Lys Leu Tyr Gln Gly

40

Ser Arg Val Gly Trp

55

Pro Ala Asn Tyr Ser

70

Ser Pro Ala Gly His

Leu

His

25

Phe

Ser

Thr

Ala

Thr

10

Ser

Asp

Thr

Pro

Pro

Thr

His

Pro

Gly

Asp

75

Val

Ser Ser Ser

Thr Ala Ala

Arg Lys Gln

350

Ala Glu Glu
365

cecgeecteac
acggcaagcet
tegggtggte
cggacatcat
gegaccgeat
cgtacctege
ggtggaccaa
agggcgaggyg
getggeaggt
tcatcgeget
acctgtgggt
€ggcgggggy
cgggegtget
tggcggcggy
cgggcacgece

cgcegacggt

Val Leu Thr

Leu Ala Tyr
30

Arg Pro His
45

Ala Val Asp
60

Ile Ile Cys

Arg Pro Gly

Ser Ser
320

Ala Ser
335

Pro Arg

Ala Asn

ccteggttec
ctaccaggge
caccggegec
ttgccacatce
ccacgtccag
cecgetgegag
gatcgacgac
cacccecgge
cgecegtgecay
gcactacgeg
ggacgccagt
tctgcagatyg
ggtcaatgte
cgccacgecyg
cgtegtegtt

tgcggcgagg

Ala Leu
15

Ile Ile

Gln Ala

Asp Gly

His Ile

80

Asp Arg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

993
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85 90 95

Ile His Val Gln Trp Asn Gly Trp Pro Val Gly His Ile Gly Pro Val
100 105 110

Leu Ser Tyr Leu Ala Arg Cys Glu Ser Asp Thr Gly Cys Thr Gly Gln
115 120 125

Asn Lys Thr Ala Leu Arg Trp Thr Lys Ile Asp Asp Ser Ser Pro Thr
130 135 140

Met Gln Asn Val Ala Gly Ala Gly Thr Gln Gly Glu Gly Thr Pro Gly
145 150 155 160

Lys Arg Trp Ala Thr Asp Val Leu Ile Ala Ala Asn Asn Ser Trp Gln
165 170 175

Val Ala Val Pro Ala Gly Leu Pro Thr Gly Ala Tyr Val Leu Arg Asn
180 185 190

Glu Ile Ile Ala Leu His Tyr Ala Ala Arg Lys Asn Gly Ala Gln Asn
195 200 205

Tyr Pro Leu Cys Met Asn Leu Trp Val Asp Ala Ser Gly Asp Asn Ser
210 215 220

Ser Val Ala Ala Thr Thr Ala Ala Val Thr Ala Gly Gly Leu Gln Met
225 230 235 240

Asp Ala Tyr Asp Ala Arg Gly Phe Tyr Lys Glu Asn Asp Pro Gly Val
245 250 255

Leu Val Asn Val Thr Ala Ala Leu Ser Ser Tyr Val Val Pro Gly Pro
260 265 270

Thr Val Ala Ala Gly Ala Thr Pro Val Pro Tyr Ala Gln Gln Ser Pro
275 280 285

Ser Val Ser Thr Ala Ala Gly Thr Pro Val Val Val Thr Arg Thr Ser
290 295 300

Glu Thr Ala Pro Tyr Thr Gly Ala Met Thr Pro Thr Val Ala Ala Arg
305 310 315 320

Met Lys Gly Arg Gly Tyr Asp Arg Arg Gly
325 330

<210> SEQ ID NO 113

<211> LENGTH: 1221

<212> TYPE: DNA

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 113

atgaagacat tcaccgeect cctggecgea geeggecteg tegecggeca tggatatgte 60
gacaacgcca ccattggegg ccagttttat caggtactct accgettcac ccaaggteceg 120
ctggccacaa ctctataggt gtcataaatt aacaagecac cgtecegeag ttctatcagg 180
tgtgcteget accgaccatg tggtccegte tcagecaagec actcacacge ccatgatccce 240
ctagccttac gtcegaccegt atttagcaac cttggcacgt agtatttatt gtcccaaata 300
ttgagctgaa ctgcacctee ctagaatcce geggtgetaa cattctttca geccgacagg 360
gtctetegat ccatcceggg caacggecceyg gtcacggacg tcactctceat cgacctgeag 420
tgcaacgcca attccaccee ggccaagete cacgecactg cegetgeegg cteggacgtg 480
attcteeget ggacgetetg gectgagteg cacgttggece cegtcatcac ctacatggece 540
cgctgecceg acacgggetyg ccaggactgg atgeecgggea cttegtagga geccatettg 600
caccatatcce atttcaaccg gecacacgca ctgacccata tgtetgteta ccectgeagt 660

geggtetggt tcaagatcaa ggagggcegge cgcgacggca cttecaacac ctgggecgac 720
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gtacgtgtac cccgtcccag agagccaaag cccccectte aacaaagcaa acatctcaat 780
agccegagece tacgcactaa cccectcetect teccectega aaacacagac cccgetgatg 840
acggcgecca cctegtacac gtacacgatce cectectgece tgaagaaggyg ctactacctg 900
gteegecacyg agatcatcge gctgcacgcece gectacacct accccggege gcagttctac 960
cegggetgee accagetcaa cgtcacggge ggcgggteca cegtaccegte gageggectg 1020
gtggeccttte ccggggcgta caagggcagt gaccccggga ttacgtacga tgcgtataaa 1080
ggtgggttgg ctggttggce caggtcttgg tgatggggga atgtggtgat gaggtttatt 1140
atttgggatc ccgtggctaa cgtaaccctg ggtgtagege aaacgtacca gattcctggg 1200
ccggeggtet ttacttgetg a 1221

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 114
H: 236
PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 114

Met Lys Thr
1

His Gly Tyr
Pro Ala Val

35
Pro Gly Asn
Asn Ala Asn
65

Ser Asp Val

Pro Val Ile

Trp Met Pro

115

Arg Asp Gly
130

Pro Thr Ser
145

Tyr Leu Val

Pro Gly Ala

Gly Gly Ser
195

Tyr Lys Gly
210

Thr Tyr Gln
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Phe Thr Ala Leu Leu

5

Val Asp Asn Ala Thr

20

Leu Thr Phe Phe Gln

40

Gly Pro Val Thr Asp

55

Ser Thr Pro Ala Lys

70

Ile Leu Arg Trp Thr

85

Thr Tyr Met Ala Arg

100

Gly Thr Ser Ala Val

120

Thr Ser Asn Thr Trp

135

Tyr Thr Tyr Thr Ile
150

Arg His Glu Ile Ile

165

Gln Phe Tyr Pro Gly

180

Thr Val Pro Ser Ser

200

Ser Asp Pro Gly Ile

215

Ile Pro Gly Pro Ala
230

D NO 115
H: 933
DNA

Ala Ala Ala
10

Ile Gly Gly
25

Pro Asp Arg

Val Thr Leu

Leu His Ala

75

Leu Trp Pro
90

Cys Pro Asp
105

Trp Phe Lys

Ala Asp Thr

Pro Ser Cys
155

Ala Leu His
170

Cys His Gln
185

Gly Leu Val

Thr Tyr Asp

Val Phe Thr
235

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 115

Gly Leu Val

Gln Phe Tyr
30

Val Ser Arg
45

Ile Asp Leu

Thr Ala Ala

Glu Ser His

Thr Gly Cys

110

Ile Lys Glu
125

Pro Leu Met
140

Leu Lys Lys

Ala Ala Tyr

Leu Asn Val
190

Ala Phe Pro
205

Ala Tyr Lys
220

Cys

Ala Gly
15

Gln Asn

Ser Ile

Gln Cys

Ala Gly

80

Val Gly
95

Gln Asp

Gly Gly

Thr Ala

Gly Tyr

160
Thr Tyr
175
Thr Gly

Gly Ala

Ala Gln
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atggecttge tgctettgge aggcttggece attetggecyg ggecggcetca tgcccacgge 60
ggectegeca actacacagt gggcaacacce tggtataggg ggtgcgtaag gggggcaccyg 120
acaacgcctg cttagtaact ccaccatttce gagcgggcta acaccgggeyg cagctacgac 180
cecttecacge cggeggecga ccagategge cagecgtgga tgatccaacyg cgcegtgggac 240
tcgatcgace cgatcttcag cgtcaacgac aaggcgcteg cctgcaacac cccggecacyg 300
gegecgaccet cttacattcee catcecgegeg ggcgagaaca tcacggecgt gtactggtac 360
tggctgcace cggtgggece catgacggeg tggetggege ggtgcgacgyg cgactgecge 420
gacgccgacyg tcaacgagge gcgetggttce aagatctggg aggccggect getcageggyg 480
ccgaacctgg ccgagggcat gtggtaccag aaggcegttece agaactggga cggcagcccg 540
gacctgtgge ccgtcacgat cccggecggg ctgaagageg gectgtacat gatccggeac 600
gagatcttgt cgatccacgt cgaggataaa ccgcagtttt atcccgagtg tgegcatctg 660
aatgtgaccyg ggggtgggga cctgctgecg cctgatgagt ttttggtgaa gtteccggge 720
gcttacaaag aagatagtga gtgaaacgcg aagctteggt agccattggg ttgecgctgat 780
ggaggttaga cccgtcgatce aagatcaata tctactcgga ccagtacgcc aatacaacgg 840
tgagtgtaac aggtcgagca aaaccaaaca gatgccgatyg actgatgatc tcagaattac 900
acaattccecg gagggccgat atgggatggg tga 933

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 116
H: 250
PRT

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 116

Met Ala Leu
1

His Ala His
Arg Gly Tyr
35

Trp Met Ile
50

Asn Asp Lys
65

Tyr Ile Pro

Trp Leu His

Gly Asp Cys

115

Trp Glu Ala
130

Tyr Gln Lys
145

Val Thr Ile

Glu Ile Leu

Cys Ala His
195

Leu Leu Leu Ala Gly

5

Gly Gly Leu Ala Asn

20

Asp Pro Phe Thr Pro

40

Gln Arg Ala Trp Asp

55

Ala Leu Ala Cys Asn

70

Ile Arg Ala Gly Glu

85

Pro Val Gly Pro Met

100

Arg Asp Ala Asp Val

120

Gly Leu Leu Ser Gly

135

Ala Phe Gln Asn Trp
150

Pro Ala Gly Leu Lys

165

Ser Ile His Val Glu

180

Leu Asn Val Thr Gly

200

Leu Ala Ile
10

Tyr Thr Val
25

Ala Ala Asp

Ser Ile Asp

Thr Pro Ala

75

Asn Ile Thr
90

Thr Ala Trp
105

Asn Glu Ala

Pro Asn Leu
Asp Gly Ser
155

Ser Gly Leu
170

Asp Lys Pro
185

Gly Gly Asp

Leu Ala Gly

Gly Asn Thr
30

Gln Ile Gly

Pro Ile Phe

60

Thr Ala Pro

Ala Val Tyr

Leu Ala Arg
110

Arg Trp Phe
125

Ala Glu Gly
140

Pro Asp Leu

Tyr Met Ile

Gln Phe Tyr
190

Leu Leu Pro
205

Pro Ala
15

Trp Tyr

Gln Pro

Ser Val

Thr Ser
80

Trp Tyr
95

Cys Asp

Lys Ile

Met Trp
Trp Pro
160

Arg His
175

Pro Glu

Pro Asp
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Glu Phe Leu Val Lys

210

Ile Lys Ile Asn Ile

225

215

230

235

Thr Ile Pro Gly Gly Pro Ile Trp Asp Gly

245

<210> SEQ ID NO 117
<211> LENGTH: 1584

<212> TYPE:

DNA

250

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 117

atgatgcegt

acagcacata

tgcatcecgea

agcccagaca

taacccaatg

agcceeggeyg

cggetetate

catcagctee

cacagcegec

cgagcttecg

ccagaacgte

cgtccagggg

ccacgtecat

gacggcctac

ctccaccaac

cggegtgate

cgegtacgec

cgectgetac

gtgcaccgge

tggggagggg

ggtggtggtyg

¢gggggggcey

gaagaggttt

ggttcgatte

gecectegag

agtggtttet

gatgtagcge

ceccttgtteg

cegtetteac

tggccaagaa

tggcttgtgg

cegegttgee

ggctccaagt

gacccatcce

gactcggety

aagaagtggg

cccactetge

accaacgacc

cctecgacca

gectecgace

accgtegteg

accaacgggce

ccegeagact

gacgaggecyg

acgtcggege

attcagcagg

gcagcagegy

gecactggete

caagaatagc

tcctetttta

ttgcgagget

tccatttact

ataatcgect

attacgtgaa

<210> SEQ ID NO 118
<211> LENGTH: 478

<212> TYPE:

PRT

cttcteaatg

cacgctttte

gggcagcgtt

tatgcectet

caggccgaga

tgagcttega

accteggete

ceggeectygyg

ccacagagaa

cggcgggata

acgtcgacce

ccceccacegt

cggggctgac

geceggecce

agcaacaaca

gccagcetcaa

gCthtgggC

cgceccacgygy

getgeegege

aggtgtgaac

ttettegget

tgcegtggec

ttgggacgct

tatccttcat

tctcttecac

gagcattaaa

ataa

ggtetggega
atcaacggeg
tgcacccate
gegtttecce
cggacaacaa
gttcecgeaty
gacggcaatce
ctggttcaag
gctecatcgac
ctacctegee
gcagttctac
ccegecagac
cttcaacatc
ctteteceee
acaacagcaa
gaacgccaac
gtegteggee
cagccgegge
ggggcggtygg
ggttcgggga
tctgecccga
ggctgeggag
tgcagegget
gtcettette
ctgtacctca

ctaggcatat

<213> ORGANISM: Thielavia terrestris

<400> SEQUENCE: 118

220

cegecttege

tcgaccaagg

ccattgetygyg

tgcgagaget

geegtggeat

tgggCCgan

tacctcaaac

atctacgeceg

aacggeggec

cgcagcgaga

gttggctgcg

agactecgtet

tggCgCgan

accgeegece

caggcgataa

tggtgcggeyg

gactgctteg

tgceggetgt

¢gggggecegce

cgggtggcgg

cggagacggc

dcgggacagg

dgcgacggag

cacttttgag

acttctgtta

ggccaagcaa

Phe Pro Gly Ala Tyr Lys Glu Asp Asn Pro Ser

Tyr Ser Asp Gln Tyr Ala Asn Thr Thr Asn Tyr

240

ctegetgtec

ggacgggacc

tggcctegac

ttcctegage

tcacctgece

ccteteagee

aagtctccaa

agggctacga

tgctgagcat

tcgtcaccat

cacagcetett

ccatcecegygy

acccctecaa

ccaccceeccac

agcagacgga

ccgaggtgece

cccagetgga

gggaggactg

cgcectttea

tggtggtggt

ctectgetgge

agacatggtt

cegtggtggt

accgaggcga

tccaggaace

aatgtcgect

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1584
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Met

Ala

Gly

Ser

Ala

65

Pro

Ser

Tyr

Gly

Trp

145

Leu

Asp

225

Ala

Thr

Gln

Lys

Ala

305

Cys

Glu

Arg

Ser

Gly
385

Ala

Arg

Met

Ser

Val

Val

50

Cys

Ala

Gln

Leu

Trp

130

Ala

Pro

Thr

Gly

Pro

210

Pro

Tyr

Pro

Ala

Asn

290

Gly

Tyr

Asp

Gly

Ala
370
Gly

Cys

Leu

Pro

Leu

Asp

35

Cys

Gly

Gly

Pro

Lys

115

Phe

Thr

Pro

Ile

Cys

195

Pro

Gly

Thr

Thr

Ile

275

Ala

Cys

Thr

Trp

Pro

355

Gly

Thr

Ser

Ile

Ser

Ser

20

Gln

Thr

Arg

Ser

Gly

100

Gln

Lys

Glu

Thr

Gln

180

Ala

Asp

Leu

Val

Ser

260

Lys

Asn

Trp

Ser

Cys

340

Pro

Arg

Gly

Gly

Leu

Leu

Thr

Gly

His

Asp

Lys

85

Ser

Val

Ile

Lys

Leu

165

Asn

Gln

Arg

Thr

Val

245

Thr

Gln

Trp

Ala

Ala

325

Thr

Pro

Gly

Asp

Trp

405

His

Val

Ala

Asp

Pro

Gly

Leu

Ile

Ser

Tyr

Leu

150

Pro

Val

Leu

Leu

Phe

230

Gly

Asn

Thr

Cys

Ser

310

Pro

Gly

Phe

Gly

Met
390

Arg

Val

Arg

His

Gly

Ile

55

Gln

Ser

Asp

Asn

Ala

135

Ile

Ala

Thr

Phe

Val

215

Asn

Pro

Thr

Asp

Gly

295

Ser

Pro

Ile

His

Ala
375
Val

Arg

Leu

Phe

Thr

Thr

40

Ala

Gln

Phe

Pro

Ile

120

Glu

Asp

Gly

Asn

Val

200

Ser

Ile

Ala

Asn

Gly

280

Ala

Ala

Thr

Gln

Gly

360

Arg

Glu

Ser

Leu

Ser

Val

25

Cys

Gly

Ala

Glu

Ser

105

Ser

Gly

Asn

Tyr

Asp

185

Gln

Ile

Trp

Pro

Gly

265

Val

Glu

Asp

Gly

Gln

345

Glu

Ile

Glu

Arg

Pro

Met

10

Phe

Ile

Gly

Val

Phe

90

His

Ser

Tyr

Gly

Tyr

170

His

Gly

Pro

Arg

Phe

250

Gln

Ile

Val

Cys

Ser

330

Gly

Gly

Ala

Val

Gly
410

Leu

Gly

Thr

Arg

Leu

Ala

75

Arg

Leu

Asp

Asp

Gly

155

Leu

Val

Pro

Gly

Asp

235

Ser

Gln

Pro

Pro

Phe

315

Arg

Cys

Ala

Ala

Phe
395

Gly

Leu

Leu

Thr

Met

Asp

60

Phe

Met

Gly

Ser

Thr

140

Leu

Ala

Asp

Pro

His

220

Asp

Pro

Gln

Ala

Ala

300

Ala

Gly

Arg

Ala

Val
380
Leu

Gly

Arg

Ala

Leu

Ala

45

Ser

Thr

Trp

Ser

Ala

125

Ala

Leu

Arg

Pro

Thr

205

Val

Pro

Thr

Gln

Asp

285

Tyr

Gln

Cys

Ala

Ala

365

Ala

Phe

Ser

Pro

Thr

Phe

30

Lys

Pro

Cys

Ala

Thr

110

Ala

Ala

Ser

Ser

Gln

190

Thr

His

Ser

Ala

Gln

270

Cys

Ala

Leu

Arg

Gly

350

Glu

Gly

Tyr

Ile

Arg

Ala

15

Ile

Lys

Asp

Pro

Asp

95

Ala

Gly

Lys

Ile

Glu

175

Phe

Pro

Ala

Lys

Ala

255

Gln

Gln

Asp

Asp

Leu

335

Arg

Thr

Cys

Trp

Leu
415

Arg

Phe

Asn

Gly

Met

Ala

Ala

Ile

Pro

Lys

Glu

160

Ile

Tyr

Thr

Ser

Thr

240

Pro

Gln

Leu

Glu

Ala

320

Trp

Trp

Ala

Gly

Asp

400

Ala

Ala



277

US 9,434,972 B2

278
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420 425 430

Pro Arg Val His Leu Leu Leu Phe His Leu Tyr Leu Asn Phe Cys Tyr
435 440 445
Pro Gly Thr Ser Gly Phe Tyr Asn Arg Leu Ser Ile Lys Leu Gly Ile
450 455 460

Trp Pro Ser Lys Met Ser Pro Asp Val Ala His Tyr Val Lys
465 470 475
<210> SEQ ID NO 119
<211> LENGTH: 868
<212> TYPE: DNA
<213> ORGANISM: Thielavia terrestris
<400> SEQUENCE: 119
atgcagctcee tcegtgggett getgettgea geecgtggetyg ctegagcaca ttgtatttet 60
acccetttee gegtgectee cagcctcaag gcaagaagac gcacgcagca gctaacggac 120
cctatcagac acatttccca gactcgtggt aaatgggcag cccgaggaca aggactggte 180
ggttacgcege atgaccaaga acgcgcagag caagcaggga gtccaggacc cgaccagtec 240
cgacattcge tgctacacgt cgcagacgge gectaacgtyg gctacggtece ctgecggage 300
caccgtccat tacatatcga ctcagcagat caaccacceyg ggceccgacge agtactacct 360
cgccaaggta ccggeggggt cgtceggecaa gacgtgggac gggtcagggyg ccegtetggtt 420
caagatcteg accaccatge cttacttgga caacaacaag cagcttgtet ggccgaatca 480
gagtaggaac aattcccgcet ccaatctteg atttggectt gagctacgge cgattgcatg 540
ggagagaccyg ttgactgacg gggcaaccca accttcatca gacacgtaca cgacggtcaa 600
cacgaccatc cccgecgata cgcccagtgg ggaataccte cteegggteg agcagatcge 660
getgcacctyg gectegcage ccaacgggge tcagttectac ctggectget cgcagatcca 720
gattacggge ggcggcaacg gcacgeccgg cccgcetagte gegttgecegyg gggegtacaa 780
gagcaacgac ccgggcattt tggtcaacat ctactctatg cagcceggeg attacaagec 840
gccegggeeg ccggtgtgga gtggctga 868
<210> SEQ ID NO 120
<211> LENGTH: 230
<212> TYPE: PRT
<213> ORGANISM: Thielavia terrestris
<400> SEQUENCE: 120
Met Gln Leu Leu Val Gly Leu Leu Leu Ala Ala Val Ala Ala Arg Ala
1 5 10 15
His Tyr Thr Phe Pro Arg Leu Val Val Asn Gly Gln Pro Glu Asp Lys

20 25 30
Asp Trp Ser Val Thr Arg Met Thr Lys Asn Ala Gln Ser Lys Gln Gly

35 40 45
Val Gln Asp Pro Thr Ser Pro Asp Ile Arg Cys Tyr Thr Ser Gln Thr
50 55 60
Ala Pro Asn Val Ala Thr Val Pro Ala Gly Ala Thr Val His Tyr Ile
65 70 75 80
Ser Thr Gln Gln Ile Asn His Pro Gly Pro Thr Gln Tyr Tyr Leu Ala
85 90 95

Lys Val Pro Ala Gly Ser Ser Ala Lys Thr Trp Asp Gly Ser Gly Ala

100 105 110
Val Trp Phe Lys Ile Ser Thr Thr Met Pro Tyr Leu Asp Asn Asn Lys
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280

115

Gln Leu Val
130

Ile Pro Ala
145

Ile Ala Leu

Ala Cys Ser

Pro Leu Val

195

Leu Val Asn
210

Pro Pro Val
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

120

Trp Pro Asn Gln Asn

135

Asp Thr Pro Ser Gly
150

His Leu Ala Ser Gln

165

Gln Ile Gln Ile Thr

180

Ala Leu Pro Gly Ala

200

Ile Tyr Ser Met Gln

215

Trp Ser Gly
230

D NO 121
H: 1068
DNA

<400> SEQUENCE: 121

atgaagctgt

cgtaggttee

tgtagaaatc

ccggtaatat

tggcctggga

ccecegeagac

ccagcaagac

gggacggcaa

ctegtgetee

caaccggege

ccaacattcce

agagactaac

cgggcaagta

ggtacgtcaa

ttgccaggtt

cagaggecte

ggcatcaagg

aggctgeteg

<210> SEQ I

<211> LENGT.
<212> TYPE:

<213> ORGANISM: Thielavia terrestris

acctggegge

cecgtetatet

cacgggattce

ctaccttget

gggegectac

ggacatcaac

tgagacggec

cggcaagtac

gaacgacgac

cgecegtetee

tcgeccaate

tccagaggaa

cctgatgege

ctgegeccac

tcceggeace

gggatagett

tgcecgttgaa

agtacaagcc

D NO 122

H: 257
PRT

<400> SEQUENCE: 122

ctttctagge

ccctaggggt

tacttgtcaa

cteccettette

gaaccggaaa

aacccgaaca

gacatactgg

ggegtgttet

ctggaggact

aataccgagt

gatccccaac

cctacctagt

atcgagcagt

gtcaacatca

tacactgttg

gctaacctty

ccagategte

ccegggecca

Thr

Glu

Pro

Gly

185

Tyr

Pro

Tyr

Tyr

Asn

170

Gly

Lys

Gly

Thr

Leu

155

Gly

Gly

Ser

Asp

geegtegeca

agcaccacga

cggcaccgaa

cacaaccagc

aataccccaa

tcacctgegy

ceggetcaga

ggcatccegyg

accgcggega

ggctgctgtg

ctggtcacca

tcaacttcac

tcatgececte

teggeccegy

acgatccegyg

tttgctetet

aacagcggag

gegetgtgga

125

Thr Val Asn
140

Leu Arg Val

Ala Gln Phe

Asn Gly Thr

190

Asn Asp Pro
205

Tyr Lys Pro
220

ccecegggage

ctaatttctc
acgccggaat
ctaacacatc
caccgagtte
caggaacgcg
ggteggette
gecggggeag
cggagactgg
gaacaagcat
tggcggegte
catccccaag
cacggtcgaa
cggaggcacg
taagccggac
ctctttttcet
agttgccgea

ctggttga

Thr Thr
Glu Gln
160

Tyr Leu
175

Pro Gly

Gly Ile

Pro Gly

gttegeteat
gtegteccce
ggaaatacgt
atcagtgacg
tttaagacgce
ttcgactegy
cgegtetegt
atctacctet
ttcaagatcg
gacgtgagce
cgggatgcaa
acgacgcege
tacagccagt
ccgacggget
ctaccggaca
ctceccgacta

ggaccaactg

Met Lys Leu Tyr Leu Ala Ala Phe Leu Gly Ala Val Ala Thr Pro Gly

1

5

10

15

Ala Phe Ala His Gln Ile His Gly Ile Leu Leu Val Asn Gly Thr Glu

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1068
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20 25 30

Thr Pro Glu Trp Lys Tyr Val Arg Asp Val Ala Trp Glu Gly Ala Tyr
35 40 45

Glu Pro Glu Lys Tyr Pro Asn Thr Glu Phe Phe Lys Thr Pro Pro Gln
50 55 60

Thr Asp Ile Asn Asn Pro Asn Ile Thr Cys Gly Arg Asn Ala Phe Asp
65 70 75 80

Ser Ala Ser Lys Thr Glu Thr Ala Asp Ile Leu Ala Gly Ser Glu Val
85 90 95

Gly Phe Arg Val Ser Trp Asp Gly Asn Gly Lys Tyr Gly Val Phe Trp
100 105 110

His Pro Gly Pro Gly Gln Ile Tyr Leu Ser Arg Ala Pro Asn Asp Asp
115 120 125

Leu Glu Asp Tyr Arg Gly Asp Gly Asp Trp Phe Lys Ile Ala Thr Gly
130 135 140

Ala Ala Val Ser Asn Thr Glu Trp Leu Leu Trp Asn Lys His Asp Phe
145 150 155 160

Asn Phe Thr Ile Pro Lys Thr Thr Pro Pro Gly Lys Tyr Leu Met Arg
165 170 175

Ile Glu Gln Phe Met Pro Ser Thr Val Glu Tyr Ser Gln Trp Tyr Val
180 185 190

Asn Cys Ala His Val Asn Ile Ile Gly Pro Gly Gly Gly Thr Pro Thr
195 200 205

Gly Phe Ala Arg Phe Pro Gly Thr Tyr Thr Val Asp Asp Pro Gly Ile
210 215 220

Lys Val Pro Leu Asn Gln Ile Val Asn Ser Gly Glu Leu Pro Gln Asp
225 230 235 240

Gln Leu Arg Leu Leu Glu Tyr Lys Pro Pro Gly Pro Ala Leu Trp Thr
245 250 255

Gly

<210> SEQ ID NO 123
<211> LENGTH: 871
<212> TYPE: DNA

<213> ORGANISM: Thermoascus crustaceus

<400> SEQUENCE: 123

atggccetttt cccagataat ggctattace ggegttttte ttgectetge ttecetggtg 60
getggecatyg getttgttca gaatatcegtyg attgatggta aaaggtacct aactacctac 120
cttactatct gatgtcattt acaagaaagg gcacagacac aagcggcaaa aaaaagaaag 180
aaagaaagaa agaaagaaag ctgacaaaaa ttcaacaagt tatggegggt acatcgtgaa 240
ccaatatcca tacatgtcag atcctecgga ggtegtegge tggtctacca ccgcaaccga 300
ccteggatte gtggacggta ccggatacca aggacctgat atcatctgece acaggggege 360
caagcctgea geectgactg cccaagtgge cgecggagga accgtcaage tggaatggac 420
tccatggect gattctcace acggcccggt gatcaactac cttgctcett gcaacggtga 480
ctgttccace gtggacaaga cccaattgaa attcttcaag atcgeccagg ccggtctceat 540
cgatgacaac agtcctectg gtatctggge ctcagacaat ctgatagegg ccaacaacag 600
ctggactgte accatcccaa ccacaactge acctggaaac tatgttctaa ggcatgagat 660
cattgetete cactcagetg ggaacaagga tggtgegcag aactatcece agtgcatcaa 720

cctgaaggte actggaaatg gttcetggeaa tectectget ggtgetettyg gaacggcact 780
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284

ctacaaggat acagatccgg gaattctgat caatatctac cagaaacttt ccagctatgt

tattcctggt cctgetttgt acactggtta g

<210> SEQ ID NO 124

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Thermoascus

PRT

<400> SEQUENCE:

Met
1
Ala
Gly
Asp
Phe
65

Gly

Ile

Thr

Asn

145

Asn

Gly

Gly

Asp

225

Tyr

Ala

Ser

Lys

Pro

50

Val

Ala

Lys

Asn

Gln

130

Ser

Ser

Leu

Ala

Ser

210

Thr

Val

Phe

Leu

Ser

35

Pro

Asp

Lys

Leu

Tyr

115

Leu

Pro

Trp

Arg

Gln

195

Gly

Asp

Ile

Ser

Val

20

Tyr

Glu

Gly

Pro

Glu

100

Leu

Lys

Pro

Thr

His

180

Asn

Asn

Pro

Pro

251

124

Gln

5

Ala

Gly

Val

Thr

Ala

85

Trp

Ala

Phe

Gly

Val

165

Glu

Tyr

Pro

Gly

Gly
245

<210> SEQ ID NO 125

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Thermoascus

<400> SEQUENCE:

atgtcattcet

getcatggtt

accttcageca

tcectacace

gtttgtggac

cgaagatact

atgtccaggg

cgtactgtac

gctcaaccte

ggcagtggct

1102

125

Ile

Gly

Gly

Val

Gly

70

Ala

Thr

Pro

Phe

Ile

150

Thr

Ile

Pro

Pro

Ile

230

Pro

Met

His

Tyr

Gly

55

Tyr

Leu

Pro

Cys

Lys

135

Trp

Ile

Ile

Gln

Ala

215

Leu

Ala

crustaceus

Ala

Gly

Ile

40

Trp

Gln

Thr

Trp

Asn

120

Ile

Ala

Pro

Ala

Cys

200

Gly

Ile

Leu

Ile

Phe

25

Val

Ser

Gly

Ala

Pro

105

Gly

Ala

Ser

Thr

Leu

185

Ile

Ala

Asn

Tyr

Thr

10

Val

Asn

Thr

Pro

Gln

90

Asp

Asp

Gln

Asp

Thr

170

His

Asn

Leu

Ile

Thr
250

crustaceus

tgctateget

aattgttgte

taacaatcag

cggaactcat

atacttctcce

Gly

Gln

Gln

Thr

Asp

75

Val

Ser

Cys

Ala

Asn

155

Thr

Ser

Leu

Gly

Tyr

235

Gly

ggggccatta

gatggcagcet

cagctacggyg

cgectggtec

tgatatcatc

Val

Asn

Tyr

Ala

60

Ile

Ala

His

Ser

Gly

140

Leu

Ala

Ala

Lys

Thr

220

Gln

Phe

Ile

Pro

45

Thr

Ile

Ala

His

Thr

125

Leu

Ile

Pro

Gly

Val

205

Ala

Lys

Leu

Val

30

Tyr

Asp

Cys

Gly

Gly

110

Val

Ile

Ala

Gly

Asn

190

Thr

Leu

Leu

cctacgeate

agtatgtcac

ggatatatgg

actaaagcaa

tgccataagyg

Ala

Ile

Met

Leu

His

Gly

95

Pro

Asp

Asp

Ala

Asn

175

Lys

Gly

Tyr

Ser

ttcagctgee

tctggatgga

tgacccaata

ccgatettygyg

gtgctgagece

Ser

Asp

Ser

Gly

Arg

80

Thr

Val

Lys

Asp

Asn

160

Tyr

Asp

Asn

Lys

Ser
240

840

871

60

120

180

240

300
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tggtgcccag agcgcecaaag tggcagetgg agggaccegtt gagetgcagt ggacggcatg 360
geecgagtet cacaagggcece cagttattga ctacctegec gectgegacg gggactgete 420
atctgttgat aagactgcac taaagttctt taagattgac gagagtggtce tgattgacgg 480
caacggtgct ggaacatggg cctctgatac gttgatcaaa aataacaaca gctggactgt 540
caccatccca agcacaattg cttccggaaa ctacgtacta agacacgaaa taattgcget 600
ccattetgee ggaaacaaag atggtgctca gaactatcee cagtgtatca acctcgaggt 660
cactggtagt ggcaccgaaa accctgetgg cactctcegga acagegettt acacagacac 720
tgatcctgge cttetggtca acatctacca gggtctgtec aactattcaa tccctggtcece 780
tgctectgtat agcggcaaca gtgataacge tggttcccte aaccctacca ccacgecgte 840
aattcagaat gctgcetgetg ctccctecac ttecacagea tetgttgteca ctgattette 900
gtcagccace cagactgcta gtgtcgecge cacgactcca gectccactt cggetgttac 960
agcctcacca gectcccgata ctggaagcga cgtaaccaaa tatctggatt cgatgagcetce 1020
ggatgaggtc ctcaccctgg tgcgcgggac cctgtecttgg ctggtttcecta acaagaaaca 1080
tgcgcgggat ctttcectcact ga 1102

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 126
H: 349
PRT

<213> ORGANISM: Thermoascus crus

<400> SEQUENCE: 126

Met Ser Phe
1

Ser Ser Ala
Ser Tyr Tyr
35

Pro Pro Glu
50

Val Asp Gly
65

Ala Glu Pro

Glu Leu Gln

Asp Tyr Leu
115

Ala Leu Lys
130

Gly Ala Gly
145

Trp Thr Val

Arg His Glu

Gln Asn Tyr
195

Glu Asn Pro
210

Pro Gly Leu

Ser Lys Ile Leu Ala

5

Ala Ala His Gly Tyr

20

Gly Gly Tyr Met Val

40

Leu Ile Ala Trp Ser

55

Ser Gly Tyr Thr Ser

70

Gly Ala Gln Ser Ala

85

Trp Thr Ala Trp Pro

100

Ala Ala Cys Asp Gly

120

Phe Phe Lys Ile Asp

135

Thr Trp Ala Ser Asp
150

Thr Ile Pro Ser Thr

165

Ile Ile Ala Leu His

180

Pro Gln Cys Ile Asn

200

Ala Gly Thr Leu Gly

215

Leu Val Asn Ile Tyr

taceus

Ile Ala Gly

Val Gln Gly
25

Thr Gln Tyr

Thr Lys Ala

Pro Asp Ile

Lys Val Ala
90

Glu Ser His
105

Asp Cys Ser

Glu Ser Gly

Thr Leu Ile
155

Ile Ala Ser
170

Ser Ala Gly
185
Leu Glu Val

Thr Ala Leu

Gln Gly Leu

Ala Ile Thr
Ile Val Val
30

Pro Tyr Thr
45

Thr Asp Leu
60

Ile Cys His

Ala Gly Gly

Lys Gly Pro
110

Ser Val Asp
125

Leu Ile Asp
140

Lys Asn Asn

Gly Asn Tyr

Asn Lys Asp

190

Thr Gly Ser
205

Tyr Thr Asp
220

Ser Asn Tyr

Tyr Ala

15

Asp Gly

Ala Gln

Gly Phe

Lys Gly

Thr Val

95

Val Ile

Lys Thr

Gly Asn

Asn Ser

160

Val Leu

175

Gly Ala

Gly Thr

Thr Asp

Ser Ile
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225 230 235 240
Pro Gly Pro Ala Leu Tyr Ser Gly Asn Ser Asp Asn Ala Gly Ser Leu

245 250 255
Asn Pro Thr Thr Thr Pro Ser Ile Gln Asn Ala Ala Ala Ala Pro Ser

260 265 270
Thr Ser Thr Ala Ser Val Val Thr Asp Ser Ser Ser Ala Thr Gln Thr
275 280 285
Ala Ser Val Ala Ala Thr Thr Pro Ala Ser Thr Ser Ala Val Thr Ala
290 295 300

Ser Pro Ala Pro Asp Thr Gly Ser Asp Val Thr Lys Tyr Leu Asp Ser
305 310 315 320
Met Ser Ser Asp Glu Val Leu Thr Leu Val Arg Gly Thr Leu Ser Trp

325 330 335
Leu Val Ser Asn Lys Lys His Ala Arg Asp Leu Ser His

340 345

<210> SEQ ID NO 127
<211> LENGTH: 1493
<212> TYPE: DNA
<213> ORGANISM: Thermoascus crustaceus
<400> SEQUENCE: 127
atgttgtcat tcattcccac caagtcaget gegetgacga ctettctact tettggaaca 60
gctecatgete acactttgat gaccaccatg tttgtggacyg gegtcaacca gggagatggt 120
gtetgcatte gcatgaacaa tgacggcgga actgccaata cctatatcca gectatcacy 180
agcaaggata tcgcctgegg taagtaccca gatgtcatca tactctgeca taacatccegt 240
catatctact agaatcggag caatgttaag tatttccagg catccaaggce gaaatcggceg 300
ccteecgagt ctgcccagtce aaggcatctt ccaccctaac cttecaattce cgcgagcaac 360
ccaacaacce aaactcctcce cctctegate catcgcacaa aggcecccgece geggtgtace 420
tgaaaaaggt cgactccgcce atcgcgagca acaacgccge cggagacage tggttcaaga 480
tctgggagte cgtctacgac gagtccacgg gcaaatgggyg cacgaccaag atgatcgaga 540
acaacgggca catctcecgtce aaggtgecceg atgatatcga gggtggttac tatcttgece 600
ggacggagcet gctggegceta cattcectgegg atcaggggga tcecgcagtte tatgttgget 660
gtgcgcaget gtttatcgat tcggatggga cggcgaaacc geccactgtt tctattggag 720
aggggacgta cgatctgagc atgcctgeca tgacgtataa tatctgggag acaccgttgg 780
ctetgecgta tcecgatgtat gggcectectg tetatacgece tggetetggt tetggatcag 840
tcegtgegac gagetcettet getgtceecta ctgcaaccga atcectetttt gtagaggaaa 900
gagcaaacce cgtcacggca aacagtgttt attctgcaag gggcaaattc aaaacctgga 960
ttgataaact gtcatggcgce gggaaggtce gtgagaacgt cagacaagcc gcgggaagaa 1020
gaagcactct cgtccagact gtgggtctaa agccaaaagg ctgcatcttc gtcaatggaa 1080
actggtgecgg cttcgaggtt cccgactaca acgatgcgga gagctgctgg getgtatgtt 1140
ccectectta gectettaca tecctaagta ctacatttga aaacaacaaa aagaaatgta 1200
tatactaact acgtacgctc tactctaggc ctceccgacaac tgctggaaac agtccgacgc 1260
ctgctggaac aagacccaac ccacgggceta caataactge cagatctgge aggacaagaa 1320
atgcaaggtc atccaggatt cctgtagegg acccaacceg catggaccac cgaataaggg 1380
caaggatttg actccggagt ggccgccact gaagggctcg atggatacgt tcectccaageg 1440
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tactatcggt taccgcgatt ggattgttag aaggagaggt gcatgagggt gta 1493

<210> SEQ ID NO 128

<211> LENGTH: 436

<212> TYPE: PRT

<213> ORGANISM: Thermoascus crustaceus

<400> SEQUENCE: 128

Met Leu Ser Phe Ile Pro Thr Lys Ser Ala Ala Leu Thr Thr Leu Leu
1 5 10 15

Leu Leu Gly Thr Ala His Ala His Thr Leu Met Thr Thr Met Phe Val
20 25 30

Asp Gly Val Asn Gln Gly Asp Gly Val Cys Ile Arg Met Asn Asn Asp
35 40 45

Gly Gly Thr Ala Asn Thr Tyr Ile Gln Pro Ile Thr Ser Lys Asp Ile
50 55 60

Ala Cys Gly Ile Gln Gly Glu Ile Gly Ala Ser Arg Val Cys Pro Val
65 70 75 80

Lys Ala Ser Ser Thr Leu Thr Phe Gln Phe Arg Glu Gln Pro Asn Asn
85 90 95

Pro Asn Ser Ser Pro Leu Asp Pro Ser His Lys Gly Pro Ala Ala Val
100 105 110

Tyr Leu Lys Lys Val Asp Ser Ala Ile Ala Ser Asn Asn Ala Ala Gly
115 120 125

Asp Ser Trp Phe Lys Ile Trp Glu Ser Val Tyr Asp Glu Ser Thr Gly
130 135 140

Lys Trp Gly Thr Thr Lys Met Ile Glu Asn Asn Gly His Ile Ser Val
145 150 155 160

Lys Val Pro Asp Asp Ile Glu Gly Gly Tyr Tyr Leu Ala Arg Thr Glu
165 170 175

Leu Leu Ala Leu His Ser Ala Asp Gln Gly Asp Pro Gln Phe Tyr Val
180 185 190

Gly Cys Ala Gln Leu Phe Ile Asp Ser Asp Gly Thr Ala Lys Pro Pro
195 200 205

Thr Val Ser Ile Gly Glu Gly Thr Tyr Asp Leu Ser Met Pro Ala Met
210 215 220

Thr Tyr Asn Ile Trp Glu Thr Pro Leu Ala Leu Pro Tyr Pro Met Tyr
225 230 235 240

Gly Pro Pro Val Tyr Thr Pro Gly Ser Gly Ser Gly Ser Val Arg Ala
245 250 255

Thr Ser Ser Ser Ala Val Pro Thr Ala Thr Glu Ser Ser Phe Val Glu
260 265 270

Glu Arg Ala Asn Pro Val Thr Ala Asn Ser Val Tyr Ser Ala Arg Gly
275 280 285

Lys Phe Lys Thr Trp Ile Asp Lys Leu Ser Trp Arg Gly Lys Val Arg
290 295 300

Glu Asn Val Arg Gln Ala Ala Gly Arg Arg Ser Thr Leu Val Gln Thr
305 310 315 320

Val Gly Leu Lys Pro Lys Gly Cys Ile Phe Val Asn Gly Asn Trp Cys
325 330 335

Gly Phe Glu Val Pro Asp Tyr Asn Asp Ala Glu Ser Cys Trp Ala Ala
340 345 350

Ser Asp Asn Cys Trp Lys Gln Ser Asp Ala Cys Trp Asn Lys Thr Gln
355 360 365
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Pro

385

Lys

Asp

Arg

Thr

370

Ile

Gly

Thr

Arg

Gly

Gln

Lys

Phe

Gly
435

Tyr

Asp

Asp

Ser

420

Ala

Asn

Ser

Leu

405

Lys

<210> SEQ ID NO 129

<211> LENGTH:
<212> TYPE: DNA

1415

Asn Cys Gln
375

Cys Ser Gly
390

Thr Pro Glu

Arg Thr Ile

Ile

Pro

Trp

Gly
425

Trp

Asn

Pro

410

Tyr

<213> ORGANISM: Aspergillus fumigatus

<400> SEQUENCE:

atggtccatce

ctcacgagag

agcagccaaa

ggactctgeyg

aaactccatg

gttgttttgt

aatggagacg

ctggtetgge

actctctaac

atgaagaatc

gttgtcaatg

ctgtcaatct

teggeccage

aactctacta

atatcgtcaa

actttategt

ctgetetegy

cecgecgcaaa

gcaccactgg

ccagegtgtt

cagcgtacga

ctactactac

gacagtgtgg

aaaagctgaa

<210>
<211>
<212>
<213>

<400>

129

tatcttcatt ggcagcagec

gaggaacagc tttgacattg

gccaaaggac taaagtactt

tatgtcgege aactgagcaa

aaggtttgcet tacgtctgec

ttggatagtyg ggatgccacc

ccgtggtcaa tcetggegaac

acagtcagcet accgaactgg

agttgacagt ctctagceggg

atatcaccaa tgtggttact

aaggtttgtt gctccatcta

agccctgaac gaggacggta

atacattcct attgegtteg

caacgactac aacattgaat

gatgatcaag gcctacggceyg

cggcagcact ccgagtcaat

cgttgaggtyg gectataceg

getggeccag cagtccactyg

ctgegtgggt gtcactatct

ccaaggctac ggcgecccat

tggectgatyg gegggtettyg

ttctactacyg acaggaggta

cggtattgge tggaccggge

tgactggtac tcacagtgcc

PRT

SEQUENCE :

SEQ ID NO 130
LENGTH:
TYPE :
ORGANISM: Aspergillus fumigatus

397

130

Gln
Pro
395

Pro

Arg

ctggetgete

ctatagtgta

tggtteccgee

caccgatgat

tccectggage

gagccttete

aagaatggec

ggtatgtaaa

tcatggacca

cactacaagg

tcctcaatag

ctttcegtaa

ccacggetge

actcaggege

cgaagatcga

cggatctgac

aacttgacat

acttccaagg

gggactggac

tgccttggga

gagcaagcgyg

cggaccctac

caacaacttg

tgtaa

Asp Lys Lys
380

His Gly Pro

Leu Lys Gly

Asp Trp Ile
430

tgcctetgta
tatggagctyg
acggacaatc
tttggtcaaa
attgcctcaa
agaattcttt
agctgatgeg
cgtettgtet
atgcgaccect
ggaagtgcta
ttcttttgaa
ctetgtette
tgccgcagat
caaagcgact
cggegtegge
gaccgtettyg
ccgcatgeag
cgtggecgea
cgacaagtac
tgagaactat
ctceggeace
tggagtcget

tgtcagtggt

Cys Lys
Pro Asn
400

Ser Met
415

Val Arg

tgtttaccca
gectgaacac
cagagctcac
tcacaccegyg
aagctaattg
ttcgttecgea
atgccatact
attctcaaat
tttggeggee
cgectgggat
actgacaagce
taccagatca
cccgacgtga
getgegcaga
ctccaggeac
aagggctaca
ctgecctega
gecatgegtta
tcctgggtec
gtgaagaagc
acaacgacca
cagaaatggg

accacttgee

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1415
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Asn
65
Phe

Leu

Asn

Trp

145

Ser

Ala

Tyr

Gln

225

Thr

Glu

Gln

Thr

Trp

305

Glu

Gly

Thr

Cys

Thr
385

Val

Tyr

Phe

Ala

50

Ser

Ala

Met

Ser

His

130

Asp

Val

Thr

Asn

Lys

210

Ala

Val

Leu

Gln

Gly

290

Val

Asn

Ala

Thr

Gly
370

Cys

His

Gly

Gly

35

Gln

Met

Asn

Arg

Ser

115

Ile

Val

Phe

Ala

Ile

195

Met

His

Leu

Asp

Ser

275

Cys

Pro

Tyr

Ser

Gly

355

Gly

Gln

Leu

Ala

20

Ser

Leu

Lys

Gly

Cys

100

Gly

Thr

Val

Tyr

Ala

180

Glu

Ile

Phe

Lys

Ile

260

Thr

Val

Ser

Val

Gly

340

Gly

Ile

Lys

Ser

Gly

Ala

Ser

Trp

Asp

85

His

Ser

Asn

Asn

Gln

165

Ala

Tyr

Lys

Ile

Gly

245

Arg

Asp

Gly

Val

Lys

325

Ser

Thr

Gly

Leu

<210> SEQ ID NO 131

<211> LENGTH:

<212> TYPE: DNA

2564

Ser

Leu

Thr

Asn

Asp

Ala

Thr

Trp

Val

Glu

150

Ile

Ala

Ser

Ala

Val

230

Tyr

Met

Phe

Val

Phe

310

Lys

Gly

Asp

Trp

Asn
390

Leu

Asn

Asp

Thr

55

Ala

Val

Leu

Thr

Val

135

Ala

Ile

Asp

Gly

Tyr

215

Gly

Thr

Gln

Gln

Thr

295

Gln

Pro

Thr

Pro

Thr
375

Asp

Ala

Thr

Asn

40

Asp

Thr

Val

Val

Asn

120

Thr

Leu

Gly

Pro

Ala

200

Gly

Ser

Ala

Leu

Gly

280

Ile

Gly

Ala

Thr

Thr
360

Gly

Trp

Ala

Ala

25

Pro

Asp

Glu

Asn

Trp

105

Ala

His

Asn

Pro

Asp

185

Lys

Ala

Thr

Leu

Pro

265

Val

Trp

Tyr

Tyr

Thr

345

Gly

Pro

Tyr

Ala

Ala

Glu

Phe

Pro

Leu

90

His

Thr

Tyr

Glu

Ala

170

Val

Ala

Lys

Pro

Gly

250

Ser

Ala

Asp

Gly

Asp

330

Thr

Val

Thr

Ser

Leu

Lys

Leu

Gly

Ser

75

Ala

Ser

Leu

Lys

Asp

155

Tyr

Lys

Thr

Ile

Ser

235

Val

Thr

Ala

Trp

Ala

315

Gly

Thr

Ala

Thr

Gln
395

Ala

Ala

Thr

Gln

60

Gln

Asn

Gln

Leu

Gly

140

Gly

Ile

Leu

Ala

Asp

220

Gln

Glu

Ala

Ala

Thr

300

Pro

Leu

Thr

Gln

Cys
380

Cys

Ala

Lys

Asp

45

Ile

Asn

Lys

Leu

Ala

125

Lys

Thr

Pro

Tyr

Ala

205

Gly

Ser

Val

Ala

Cys

285

Asp

Leu

Met

Thr

Lys
365

Val

Leu

Leu

Gly

30

Ser

Thr

Ser

Asn

Pro

110

Ala

Cys

Phe

Ile

Tyr

190

Gln

Val

Asp

Ala

Lys

270

Val

Lys

Pro

Ala

Thr

350

Trp

Ser

Pro

15

Leu

Ala

Pro

Phe

Gly

95

Asn

Met

Tyr

Arg

Ala

175

Asn

Asn

Gly

Leu

Tyr

255

Leu

Ser

Tyr

Trp

Gly

335

Ser

Gly

Gly

Leu

Lys

Tyr

Gly

Ser

80

Gln

Trp

Lys

Ala

Asn

160

Phe

Asp

Ile

Leu

Thr

240

Thr

Ala

Thr

Ser

Asp

320

Leu

Thr

Gln

Thr
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<213> ORGANISM: Trichoderma reeseil

<400> SEQUENCE: 131

ggacagcegyg acgcaatggt gaataacgca gcetcetteteg cegecctgte ggetcetecty 60
cccacggcee tggegcagaa caatcaaaca tacgccaact actctgetca gggecagect 120
gatctctace cecgagacact tgccacgcte acactctegt tecccgactg cgaacatgge 180
ccectcaaga acaatctegt ctgtgactca teggcegget atgtagageyg ageccaggece 240
ctcatctege tcettecaccet cgaggagetce attctcaaca cgcaaaacte gggeccegge 300
gtgectegee tgggtettee gaactaccaa gtcetggaatyg aggctcetgea cggettggac 360
cgegecaact tegecaccaa gggeggecag ttegaatggg cgacctegtt ceccatgece 420
atcctcacta cggeggecct caaccgecaca ttgatccace agattgcega catcatcteg 480
acccaagcte gagcattcag caacagegge cgttacggte tegacgtceta tgegecaaac 540
gtcaatgget tecgaageee cctetgggge cgtggecagg agacgeccegg cgaagacgec 600
tttttectea geteegecta tacttacgag tacatcacgg gecatccaggyg tggegtegac 660
cctgagcace tcaaggttge cgccacggtyg aagcactttyg ceggatacga cctegagaac 720
tggaacaacc agtccegtet cggtttegac gecatcataa ctcagcagga cctcetecgaa 780
tactacacte cccagttect cgectgeggee cgttatgcaa agtcacgecayg cttgatgtge 840
gcatacaact cegtcaacgg cgtgeccage tgtgecaaca gettettect geagacgett 900
ttgcgegaga getggggett cccegaatgyg ggatacgtet cgtecgattyg cgatgecgte 960

tacaacgttt tcaaccctca tgactacgcce agcaaccagt cgtcagccge cgccagctca 1020
ctgcgagecg gcaccgatat cgactgeggt cagacttacc cgtggcacct caacgagtcce 1080
tttgtggccg gecgaagtcete ccgcggcgag atcgageggt ccgtcacceg tetgtacgece 1140
aacctcgtcece gtcteggata cttcgacaag aagaaccagt accgctcget cggttggaag 1200
gatgtcgtca agactgatgc ctggaacatc tcgtacgagg ctgctgttga gggcatcgtce 1260
ctgctcaaga acgatggcac tctccctcectg tccaagaagg tgcgcagcat tgctctgatce 1320
ggaccatggyg ccaatgccac aacccaaatg caaggcaact actatggccc tgccccatac 1380
ctcatcagcce ctctggaage tgctaagaag gccggctatce acgtcaactt tgaactcggce 1440
acagagatcg ccggcaacag caccactgge tttgccaagg ccattgcetge cgccaagaag 1500
tcggatgeca tcatctacct cggtggaatt gacaacacca ttgaacagga gggcgctgac 1560
cgcacggaca ttgcttggcc cggtaatcag ctggatctca tcaagcagcet cagcgaggtce 1620
ggcaaaccece ttgtcegtcect gcaaatgggce ggtggtcagg tagactcatc ctcgctcaag 1680
agcaacaaga aggtcaactc cctecgtetgg ggcggatatce ccggccagte gggaggcgtt 1740
gccectetteg acattcectcecte tggcaagegt gectcectgceg gecgactggt caccactceag 1800
tacccggetg agtatgttca ccaattccce cagaatgaca tgaacctceg acccgatgga 1860
aagtcaaacc ctggacagac ttacatctgg tacaccggca aacccgtcta cgagtttggce 1920
agtggtctct tctacaccac cttcaaggag actctcgceca gceccaccccaa gagcectcaag 1980
ttcaacacct catcgatcct ctetgctect caccccggat acacttacag cgagcagatt 2040
ccegtetteca cecttegagge caacatcaag aactcgggca agacggagtce cccatatacg 2100
gccatgctgt ttgttcgcac aagcaacgct ggcccagcec cgtacccgaa caagtggcetce 2160
gtcggatteg accgacttge cgacatcaag cctggtcact cttccaagcet cagcatcccce 2220

atccctgtca gtgctctege cegtgttgat tctcacggaa accggattgt ataccccggce 2280
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aagtatgagc

gaagaggtaa

gacgcataag

taggaagagg

aaaaaaaaaa

tagccttgaa

cgattgagaa

ggttttaatg

ccatagtttt

aaaaaaaaaa

<210> SEQ ID NO 132

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Thr

Gly

Phe

Ser

65

Thr

Pro

Gly

Ala

Thr

145

Phe

Asn

Glu

Gly

225

Arg

Tyr

Leu

Ser

Trp
305

Val

Ala

Gln

Pro

50

Ser

Leu

Arg

Leu

Thr

130

Leu

Ser

Gly

Asp

Ile

210

Lys

Leu

Thr

Met

Phe
290

Gly

Asn

Leu

Pro

35

Asp

Ala

Glu

Leu

Asp

115

Ser

Ile

Asn

Phe

Ala

195

Gln

His

Gly

Pro

Cys
275

Phe

Tyr

Asn

Ala

20

Asp

Cys

Gly

Glu

Gly

100

Arg

Phe

His

Ser

Arg

180

Phe

Gly

Phe

Phe

Gln
260
Ala

Leu

Val

780

Trichoderma

132

Ala Ala
5

Gln Asn

Leu Tyr

Glu His

Tyr Val
70

Leu Ile
85

Leu Pro

Ala Asn

Pro Met

Gln Ile

150

Gly Arg
165

Ser Pro

Phe Leu

Gly Val

Ala Gly

230

Asp Ala

245

Phe Leu

Tyr Asn

Gln Thr

Ser Ser
310

Leu

Asn

Pro

Gly

55

Glu

Leu

Asn

Phe

Pro

135

Ala

Tyr

Leu

Ser

Asp

215

Tyr

Ile

Ala

Ser

Leu
295

Asp

caccgacgag

ctggecegttyg

atgttgttat

ctgtttgcaa

aaaaaaaaaa

tctgtgaage

gaggagcaac

gacaaacggg

accatttttg

aaaaaaaaaa

reeseil

Leu

Gln

Glu

40

Pro

Arg

Asn

Tyr

Ala

120

Ile

Asp

Gly

Trp

Ser

200

Pro

Asp

Ile

Ala

Val
280

Leu

Cys

Ala

Thr

25

Thr

Leu

Ala

Thr

Gln

105

Thr

Leu

Ile

Leu

Gly

185

Ala

Glu

Leu

Thr

Ala
265
Asn

Arg

Asp

Ala

10

Tyr

Leu

Lys

Gln

Gln

90

Val

Lys

Thr

Ile

Asp

170

Arg

Tyr

His

Glu

Gln

250

Arg

Gly

Glu

Ala

Leu

Ala

Ala

Asn

Ala

75

Asn

Trp

Gly

Thr

Ser

155

Val

Gly

Thr

Leu

Asn

235

Gln

Tyr

Val

Ser

Val
315

ttgagtttga

agatcaagga

tagagtagtt

ccattgcgaa

aaaa

Ser

Asn

Thr

Asn

60

Leu

Ser

Asn

Gly

Ala

140

Thr

Tyr

Gln

Tyr

Lys

220

Trp

Asp

Ala

Pro

Trp
300

Tyr

Ala

Tyr

Leu

45

Leu

Ile

Gly

Glu

Gln

125

Ala

Gln

Ala

Glu

Glu

205

Val

Asn

Leu

Lys

Ser

285

Gly

Asn

Leu

Ser

30

Thr

Val

Ser

Pro

Ala

110

Phe

Leu

Ala

Pro

Thr

190

Tyr

Ala

Asn

Ser

Ser

270

Cys

Phe

Val

gttggtggga
tgctacacct
aatgatggaa

aaaaaaaaaa

Leu

15

Ala

Leu

Cys

Leu

Gly

Leu

Glu

Asn

Arg

Asn

175

Pro

Ile

Ala

Gln

Glu

255

Arg

Ala

Pro

Phe

Pro

Gln

Ser

Asp

Phe

80

Val

His

Trp

Arg

Ala

160

Val

Gly

Thr

Thr

Ser

240

Tyr

Ser

Asn

Glu

Asn
320

2340

2400

2460

2520

2564
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Pro

Arg

Asn

Ser

Lys

385

Asp

Leu

Ala

Tyr

Lys

465

Asn

Asp

Gly

Ile

Gly

545

Asn

Leu

Thr

Met

Trp

625

Thr

Asn

Glu

Lys

Ala
705

Leu

Pro

His

Ala

Glu

Val

370

Lys

Ala

Lys

Leu

Tyr

450

Ala

Ser

Ala

Ala

Lys

530

Gly

Ser

Phe

Thr

Asn

610

Tyr

Thr

Thr

Gln

Thr
690
Gly

Ala

Val

Asp

Gly

Ser

355

Thr

Asn

Trp

Asn

Ile

435

Gly

Gly

Thr

Ile

Asp

515

Gln

Gly

Leu

Asp

Gln

595

Leu

Thr

Phe

Ser

Ile

675

Glu

Pro

Asp

Ser

Tyr

Thr

340

Phe

Arg

Gln

Asn

Asp

420

Gly

Pro

Tyr

Thr

Ile

500

Arg

Leu

Gln

Val

Ile

580

Tyr

Arg

Gly

Lys

Ser

660

Pro

Ser

Ala

Ile

Ala

Ala

325

Asp

Val

Leu

Tyr

Ile

405

Gly

Pro

Ala

His

Gly

485

Tyr

Thr

Ser

Val

Trp

565

Leu

Pro

Pro

Lys

Glu

645

Ile

Val

Pro

Pro

Lys
725

Leu

Ser

Ile

Ala

Tyr

Arg

390

Ser

Thr

Trp

Pro

Val

470

Phe

Leu

Asp

Glu

Asp

550

Gly

Ser

Ala

Asp

Pro

630

Thr

Leu

Phe

Tyr

Tyr

710

Pro

Ala

Asn

Asp

Gly

Ala

375

Ser

Tyr

Leu

Ala

Tyr

455

Asn

Ala

Gly

Ile

Val

535

Ser

Gly

Gly

Glu

Gly

615

Val

Leu

Ser

Thr

Thr
695
Pro

Gly

Arg

Gln

Cys

Glu

360

Asn

Leu

Glu

Pro

Asn

440

Leu

Phe

Lys

Gly

Ala

520

Gly

Ser

Tyr

Lys

Tyr

600

Lys

Tyr

Ala

Ala

Phe

680

Ala

Asn

His

Val

Ser

Gly

345

Val

Leu

Gly

Ala

Leu

425

Ala

Ile

Glu

Ala

Ile

505

Trp

Lys

Ser

Pro

Arg

585

Val

Ser

Glu

Ser

Pro

665

Glu

Met

Lys

Ser

Asp

Ser

330

Gln

Ser

Val

Trp

Ala

410

Ser

Thr

Ser

Leu

Ile

490

Asp

Pro

Pro

Leu

Gly

570

Ala

His

Asn

Phe

His

650

His

Ala

Leu

Trp

Ser
730

Ser

Ala

Thr

Arg

Arg

Lys

395

Val

Lys

Thr

Pro

Gly

475

Ala

Asn

Gly

Leu

Lys

555

Gln

Pro

Gln

Pro

Gly

635

Pro

Pro

Asn

Phe

Leu
715

Lys

His

Ala

Tyr

Gly

Leu

380

Asp

Glu

Lys

Gln

Leu

460

Thr

Ala

Thr

Asn

Val

540

Ser

Ser

Ala

Phe

Gly

620

Ser

Lys

Gly

Ile

Val
700
Val

Leu

Gly

Ala

Pro

Glu

365

Gly

Val

Gly

Val

Met

445

Glu

Glu

Ala

Ile

Gln

525

Val

Asn

Gly

Gly

Pro

605

Gln

Gly

Ser

Tyr

Lys

685

Arg

Gly

Ser

Asn

Ser

Trp

350

Ile

Tyr

Val

Ile

Arg

430

Gln

Ala

Ile

Lys

Glu

510

Leu

Leu

Lys

Gly

Arg

590

Gln

Thr

Leu

Leu

Thr

670

Asn

Thr

Phe

Ile

Arg

Ser

335

His

Glu

Phe

Lys

Val

415

Ser

Gly

Ala

Ala

Lys

495

Gln

Asp

Gln

Lys

Val

575

Leu

Asn

Tyr

Phe

Lys

655

Tyr

Ser

Ser

Asp

Pro
735

Ile

Leu

Leu

Arg

Asp

Thr

400

Leu

Ile

Asn

Lys

Gly

480

Ser

Glu

Leu

Met

Val

560

Ala

Val

Asp

Ile

Tyr

640

Phe

Ser

Gly

Asn

Arg
720

Ile

Val
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-continued

302

740

745

750

Tyr Pro Gly Lys Tyr Glu Leu Ala Leu Asn Thr Asp Glu Ser Val Lys

755

760

Leu Glu Phe Glu Leu Val Gly Glu Glu Val Thr Ile

770

<210> SEQ ID NO 133

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Ala
1
Met
Ser
Asn
Phe
65

Thr

Ser

Gln

145

Pro

Gln

Asn

Gly

Phe

225

Gln

Ala

<210>
<211>
<212>
<213>

<400>

Ser

Ala

Thr

Gly

50

Arg

Leu

Gly

Leu

Thr

130

Leu

Arg

Val

Asp

Gly

210

Val

Gly

Cys

Thr

Thr

Ile

35

Trp

Gly

Thr

Gly

Val

115

Gly

Ser

Ser

Ser

Gly

195

Val

Cys

Val

Thr

Gln

Ile

20

Ile

Ile

Thr

Pro

Tyr

100

Lys

His

Ala

Gly

Ser

180

Ile

Glu

Thr

Asn

Trp
260

PRT

SEQUENCE :

261

775

Aspergillus niger

133

Gly

5

Ser

Lys

Leu

Gly

Phe

85

Tyr

Gln

Ser

Thr

Asn

165

Pro

Pro

Tyr

Gly

Asp

245

Val

SEQ ID NO 134
LENGTH:
TYPE :
ORGANISM: Aspergillus oryzae

522

134

Ile

Gln

Gly

Arg

Ser

70

Asp

Ile

Gln

Leu

Tyr

150

Gln

Glu

Asn

Trp

Asp

230

Ala

Ser Glu

Ala Ala

Glu Lys

40

Asp Asp
55

Asp Thr

Thr Leu

Gly Trp

Ala Ser
120

Gly Ala
135

Asp Asn

Ala Phe

Thr Thr

Leu Pro

200

Ser Val
215

Glu Val

His Thr

Asp

Tyr

25

Ile

Thr

Asn

Pro

Ile

105

Gln

Ser

Val

Ala

Gln

185

Pro

Asp

Gln

Thr

Leu

10

Ala

Tyr

Ser

Leu

Gln

90

Ser

Tyr

Met

Arg

Ser

170

Tyr

Ala

Pro

Cys

Tyr
250

Tyr

Asp

Asn

Lys

Gln

75

Cys

Val

Pro

Ala

Leu

155

Tyr

Phe

Glu

Tyr

Cys

235

Phe

780

Asn

Leu

Ala

Glu

60

Leu

Asn

Gln

Asp

Ala

140

Tyr

Met

Arg

Gln

Ser

220

Glu

Gly

765

Arg Leu
Cys Asn
30

Gln Thr
45

Ile Ile

Asp Thr

Asp Cys

Asp Gln

110

Tyr Ala
125

Leu Thr

Thr Phe

Asn Asp

Val Thr

190
Gly Tyr
205
Ala Gln

Ala Gln

Met Thr

Val

15

Ile

Asp

Thr

Asn

Glu

95

Val

Leu

Ala

Gly

Ala

175

His

Ala

Asn

Gly

Ser
255

Glu

Pro

Ile

Val

Tyr

80

Val

Glu

Thr

Ala

Glu

160

Phe

Ser

His

Thr

Gly

240

Gly

Ala Ala Ile Asp Ser Thr Ser Ser Ser Asn Gly Ser Asp His His Gly

1

5

10

15

Ser Ser Phe Gln Ala Glu Cys Glu Ser Phe Lys Ala Lys Ile Asn Val
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303

-continued

304

Thr

Ile

Ile

65

Ser

Ser

Lys

Gly

Asn

145

Asn

Lys

Ala

Leu

225

Gln

Asp

Ile

Thr

Ala

305

Gly

Ala

Trp

Gln

Gln
385
Ile

Thr

Pro

Asn

Ser

50

Thr

Ser

Gly

Tyr

Thr

130

Thr

Val

Lys

Ser

Pro

210

Thr

Trp

Gly

Ile

Cys

290

Thr

Ser

Tyr

Asp

Asp

370

Lys

Ile

Met

Ile

Ala

35

Met

Ser

Lys

Arg

Asp

115

Asn

Glu

Val

Ser

Val

195

Ala

Leu

Thr

Ala

Glu

275

Leu

Tyr

Glu

Ala

Val

355

Pro

Lys

Ser

Asn

Ser
435

20

Asn

Ala

Thr

Ser

Phe

100

Asp

Asn

Val

Gly

Tyr

180

Gln

Phe

Thr

Ala

Lys

260

Ala

Thr

Gly

Leu

Glu

340

Ala

Tyr

Gly

Ser

Leu
420

Gly

Val

Asp

Phe

Gln

85

Leu

Met

Gly

Val

Lys

165

Tyr

Thr

Asn

Gly

Val

245

Asp

Leu

Gly

Leu

Ala

325

Asp

Thr

Gln

Gly

Glu
405

Ser

Met

His

Asn

Ala

70

Ile

Ser

Ala

His

Glu

150

Glu

Leu

Phe

Phe

Asp

230

His

Gly

Leu

Ala

Asn

310

Ala

Trp

Trp

Ile

Lys
390
Ser

Pro

Ala

25 30

Ser Val Thr Tyr Val Pro Ala Gly Val
40 45

Pro Ser Ile Cys Gly Gly Asp Glu Asp
55 60

Phe Cys Arg Ile Ala Leu Asn Val Thr
75

Phe Met Glu Ala Trp Leu Pro Ser Asn
Thr Gly Asn Gly Gly Leu Gly Gly Cys
105 110

Tyr Ala Ala Gly Tyr Gly Phe Ala Thr
120 125

Phe Gly Asn Asn Gly Val Ser Phe Tyr
135 140

Asp Phe Ala Tyr Arg Ala Leu His Thr
155

Leu Thr Lys Asn Phe Tyr Pro Gln Gly
170 175

Gly Cys Ser Thr Gly Gly Arg Gln Gly
185 190

Pro Asp Asp Phe Asp Gly Val Val Ala
200 205

Ile Asn Leu Thr Ser Trp Gly Ala Arg
215 220

Ser Ser Ala Glu Thr Phe Val Thr Glu
235

Asn Glu Ile Ile Arg Gln Cys Asp Ser
250 255

Ile Ile Glu Asp Pro Asp Leu Cys Gln
265 270

Cys Asn Ala Thr Gln Ser Ser Thr Ser
280 285

Gln Val Lys Thr Val Asn Gly Val Phe
295 300

Gly Ser Phe Leu Tyr Pro Arg Met Gln
315

Tyr Ser Ser Tyr Tyr Ser Gly Thr Pro
330 335

Tyr Arg Tyr Val Val Phe Asn Asn Thr
345 350

Thr Val Gln Asp Ala Ala Ile Ala Asn
360 365

Ser Thr Trp Asn Gly Asp Leu Ser Pro
375 380

Val Leu His Tyr His Gly Met Glu Asp
395

Ser Lys Val Tyr Tyr Lys His Val Ala
410 415

Ser Glu Leu Asp Ser Phe Tyr Arg Phe
425 430

His Cys Ala Asn Ala Asp Gly Pro Ser
440 445

Asn

Pro

Thr

80

Tyr

Val

Val

Gln

Gly

160

Tyr

Trp

Gly

Phe

Thr

240

Leu

Pro

Gly

Ser

Pro

320

Phe

Asn

Ala

Phe

Ala
400
Asp

Phe

Ala
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-continued

306

Ile

465

Phe

Lys

Tyr

<210>
<211>
<212>
<213>

<400>

Ala

Ile

Asn

Arg

Arg

Asn

Gln

Phe

Ala

Ala

145

Gly

Gln

Ala

Ser

225

Thr

Pro

Pro

Trp

Gly

450

Leu

Val

His

Thr

Ser

Asn

Tyr

Asp

50

Ser

Ala

Leu

Phe

Cys

130

Gln

Ile

Leu

Pro

Cys

210

Pro

Trp

Gly

Gly

Ala

Gln

Leu

Arg

Cys

Asp
515

Ala

Val

Asp

35

Gly

Leu

Gly

Val

Ala

115

Ser

Leu

His

Arg

Asn

195

Ser

Asp

Asp

Thr

Thr
275

Gly

Gly

Ala

Gly

Lys

500

Glu

PRT

SEQUENCE :

Gly

Asn

20

Ser

Ser

Ser

Trp

Ala

100

Thr

Arg

Ser

Gly

Asp

180

Pro

Lys

Pro

Phe

Pro
260

Asn

Ala

Thr

Met

Ala

485

Tyr

Asn

SEQ ID NO 135
LENGTH:
TYPE :
ORGANISM:

312

Gly

Val

470

Lys

Pro

Ala

Thr

455

Gln

Leu

Lys

Trp

Phe

Trp

Asn

Arg

Glu
520

Ala

Val

Gly

Asn

505

Cys

Chaetomium globusum

135

Cys

5

Gly

Ser

Met

Gly

Ala

85

Met

Gly

Pro

Gly

Ala

165

Lys

Gly

Ala

Thr

Phe
245
Thr

Cys

Thr

Gly

Lys

Lys

Asn

Asp

Asn

Leu

Trp

Asp

Cys

150

Ala

Trp

Ala

Pro

Gly

230

Asn

Thr

Ser

Cys

Lys

Gln

Ala

Asp

55

Ser

Asn

Lys

Ser

Val

135

Ser

Asp

Leu

Gly

Val

215

Thr

Ala

Thr

Ala

Cys

Asn

Arg

His

40

Val

Thr

Gly

Asn

Tyr

120

Phe

Gly

Asn

Gln

Gln

200

Thr

Asn

Ala

Asn

Lys
280

Glu

Pro

Gln

25

Arg

Ala

Ile

Gly

Asp

105

Gly

Ser

Gly

Val

Thr

185

Gln

Trp

Gly

Val

Pro
265

Trp

Ser

Gly

Glu

Ser

490

Arg

Val

Pro

10

Tyr

Val

Asn

Phe

Glu

90

Leu

Gly

Ala

Thr

Leu

170

Asn

Asn

Ile

Val

Gly
250
Gly

Gly

Gly

Asn
Glu
475

Thr

Tyr

Thr

Ile

Val

Gly

Ile

Asp

Cys

Ser

Val

Thr

155

Pro

Gly

His

Gly

Lys

235

Thr

Thr

Gln

Ser

Asn
460
Gly

Val

Val

Ser

Leu

Phe

Gly

60

Ala

Ile

Val

Met

Ser

140

Pro

Ile

Cys

Ile

His

220

Phe

Gly

Gln

Cys

Thr

Pro

Val

Glu

Gly

Gly

Gln

Gly

45

Phe

Pro

Thr

Asn

Ser

125

Val

Val

Ser

Thr

Lys

205

Gly

Ala

Gly

Pro

Gly
285

Cys

Gln

Ala

Tyr

Pro
510

Thr

Leu

30

Tyr

Tyr

Asn

Phe

Glu

110

His

Ile

Pro

Met

Ser

190

Thr

Gly

Pro

Gly

Thr
270

Gly

Arg

Asp

Pro

Arg

495

Gly

Lys

15

Pro

His

Gly

Gly

Thr

95

Gly

Ser

Ala

Tyr

Gly

175

Lys

Thr

Gly

Gly

Thr
255
Ser

Gln

Ala

Asn
Asp
480

Arg

Ser

Ser

Asn

Trp

Leu

Leu

80

Asp

Glu

Val

Gly

Leu

160

Gln

Asn

Tyr

His

Glu

240

Asn

Asn

Gly

Ser
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-continued

308

290

295

Asn Gln Trp Tyr Ser Gln Cys

305

<210> SEQ ID NO 136

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Aspergillus

PRT

<400> SEQUENCE:

Ser

1

Asn

Thr

Gln

Ser

65

Thr

Gln

Gly

Lys

Lys

Ala

Tyr

Leu

225

Asp

Leu

Tyr

Glu

305

Ser

Ala

Gln

Leu

Asn

Val

50

Asn

Gly

Tyr

Ala

Pro

130

Val

Lys

Ser

Pro

Ser

210

Trp

Gly

Leu

Thr

Gly

290

Val

Ala

Thr

Asp

Pro

Leu

35

Val

Ser

Arg

Tyr

Asn

115

Glu

Val

Ser

Val

Ala

195

Ile

Asn

Ala

Glu

Gly

275

Val

Met

Asp

Lys

Thr

Asn

20

Ser

Ser

Ser

Phe

Asp

100

Ser

Val

Gly

Tyr

Gln

180

Phe

Thr

Ile

Glu

Ala

260

Lys

Asn

Ala

Trp

Phe
340

507

136

Phe

5

Val

Leu

Glu

Glu

Leu

85

Leu

Gly

Leu

Lys

Tyr

165

Lys

Asn

Gly

Thr

Asp

245

Ile

Gln

Gly

Ser

Tyr

325

Ser

310

Gln

Arg

Pro

Asp

Ile

70

Ser

Ala

His

Glu

Gln

150

Leu

Tyr

Met

Pro

His

230

Gly

Ile

Ala

Thr

Ser
310

Arg

Val

Gly

Val

Asp

Val

55

Thr

Thr

Tyr

Asn

Asp

135

Leu

Gly

Pro

Ile

Val

215

Lys

Ile

Cys

His

Leu
295
Ile

Tyr

Arg

Ile

oryzae

Lys

Asn

Asn

40

Cys

Leu

Gly

Thr

Gly

120

Phe

Thr

Cys

Asn

Asn

200

Gly

Glu

Ile

Lys

Thr

280

Leu

Met

Val

Asp

Cys

Phe

25

Pro

Arg

Glu

Asn

Ser

105

Thr

Val

Lys

Ser

Asp

185

Leu

Ser

Ile

Glu

Pro

265

Val

Tyr

Tyr

Val

Ala
345

Thr

10

Val

Thr

Ile

Ala

Gly

90

Gly

Ser

His

Leu

Thr

170

Phe

Met

Asp

Leu

Asp

250

Gly

Arg

Pro

Asn

Tyr
330

Ala

Gly

Asn

Ser

Ala

Trp

75

Gly

Leu

Gly

Arg

Phe

155

Gly

Asp

Ser

Thr

Arg

235

Pro

Gln

Glu

Arg

Gly

315

Glu

Val

300

Phe

Tyr

Cys

Met

60

Leu

Leu

Gly

Glu

Ser

140

Tyr

Gly

Gly

Trp

Tyr

220

Gln

Ser

Asn

Ile

Met
300
Gln

Asn

Ala

Ala

Val

Gly

45

Ala

Pro

Ser

Phe

Pro

125

Val

Glu

Arg

Val

Ser

205

Leu

Cys

Leu

Thr

Phe

285

Gln

Pro

Pro

Leu

Asp

Pro

30

Thr

Val

Gln

Gly

Ala

110

Phe

His

Glu

Gln

Val

190

Ala

Ser

Asp

Cys

Thr

270

Ser

Pro

Phe

Asn

Lys
350

Lys

15

Gly

Thr

Ala

Asn

Cys

95

Thr

Tyr

Thr

Gly

Gly

175

Ala

His

Pro

Gly

Ser

255

Glu

Pro

Gly

Gln

Trp

335

Gln

Ile

Gly

Ser

Thr

Tyr

80

Ile

Val

His

Gly

Phe

160

Phe

Gly

Phe

Asp

Ile

240

Pro

Cys

Leu

Ser

Tyr
320

Asp

Asn
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-continued

310

Pro

Ala

Ser

385

Asn

Ser

Asn

Met

Arg

465

Arg

<210>
<211>
<212>
<213>

<400>

Phe

Gly

370

Ser

Val

Gly

Gln

Ala

450

Gly

Lys

Tyr

Asn

355

Gly

Glu

Pro

Met

Leu

435

Met

Ala

His

Thr

Leu

Lys

Asn

Pro

Ala

420

Val

Val

Lys

Cys

Asp

500

PRT

SEQUENCE :

Ala Ser Leu Gln

1

Gln

Ile

Gly

Tyr

65

Ala

Met

Tyr

Gly

Ala

145

Ala

Asn

Leu

Phe

Val

Thr

50

Leu

Ser

Val

Val

Ser

130

His

Gln

Ser

Gly

Lys
210

His

Ala

35

Arg

Ser

Leu

Asn

Met

115

Tyr

Ala

Gly

Tyr

Leu
195

Gln

Ile

20

Leu

Leu

Thr

Thr

Tyr

100

Gly

Pro

Cys

Leu

Pro
180

Gln

Trp

Gln Thr

Val Leu

Ser Lys
390

Glu Glu
405

His Cys

Thr Tyr

Gln Trp

Phe Thr
470

Arg Tyr
485

Glu Asn

SEQ ID NO 137
LENGTH:
TYPE:
ORGANISM: Humicola insolens

269

137

Gln Val
5

Tyr Val

His Pro

Pro Gln

Pro Asn

70

His Asn
85

Thr Ile

Phe Ser

Glu Val

Phe Phe
150

Ser His
165
Gly Tyr

Asp Phe

Ser Asn

Trp

Thr

375

Leu

Leu

Ser

Asn

Val

455

Asn

Pro

Ala

Trp

Pro

Cys

Tyr

55

Gln

Gly

Asp

Ser

Phe

135

Gly

Thr

Asn

Leu

Val
215

Asp

360

Tyr

Tyr

Asp

Gly

Asp

440

Glu

Gly

Arg

Trp

Asn

Asp

Gly

40

Ala

Ser

Gly

Arg

Gly

120

Glu

Glu

Pro

Gly

Val
200

Leu

Ala

His

Tyr

Glu

Gly

425

Ala

Lys

Thr

Arg

Gln
505

Trp

Arg

25

Gly

Asp

Asn

Gly

Tyr

105

Gly

Ala

Pro

Glu

Arg
185

Arg

Gly

Asp

Gly

Ala

Phe

410

Asp

Asn

Gly

Gly

Asn

490

Cys

Gly

10

Arg

Asn

Gln

Cys

Asp

90

Asn

Met

Gly

Phe

Gln
170
Arg

Pro

Ile

Ile

Leu

Arg

395

Tyr

Gly

Pro

Ile

Ser

475

Val

Val

Ala

Ala

Ala

His

Trp

75

Ala

Ala

Met

Ala

Ser

155

Trp

Pro

Gln

Pro

Ser

Met

380

Val

Arg

Ala

Glu

Ala

460

Ala

Tyr

Asn

Ala

Gln

Gly

Asp

Leu

Asp

Thr

Ala

140

Pro

Gly

Arg

Cys

Phe
220

Ser

365

Asp

Ala

Phe

Tyr

Asn

445

Pro

Val

Lys

Pro

Asn

Gln

45

Phe

Val

Gly

Arg

Asn

125

Tyr

Asn

Asn

Met

Gly
205

Thr

Phe

Gln

Glu

Phe

Gly

430

Asn

Glu

Glu

Gly

Thr

Pro

30

Trp

Ile

His

Ile

Ser

110

Val

Ser

Gln

Phe

Gln
190

Tyr

Arg

Arg

Leu

Thr

Gln

415

Ile

Val

Thr

Tyr

Pro
495

Asn

15

Ala

Phe

Leu

Asn

Val

95

Arg

Leu

Gly

Thr

Val
175
Ile

Glu

Gln

Lys

Ile

Met

400

Ile

Gly

Leu

Ile

Thr

480

Gly

Ile

Ile

Gly

Ile

Thr

80

Ser

Val

Ala

Thr

Cys

160

Arg

Val

Ala

Val
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31

312

-continued

Gln
225

Thr Glu
235

Asn Ser Pro Ser Trp Gly Trp Thr

230
Thr

Gln Leu Gln Gly

245

Leu Phe Ser Gln Asn Leu

250
Val

Asp Glu Gln Gln

260

Leu Leu Arg Phe Leu Ile

265

Phe Arg

Leu Tyr Gly Asp Gly

240

Gly His Ala Pro Ala

255

What is claimed is:

1. A process for enzymatic refining of a pretreated cellu-
losic material, comprising:

separating a liquor from the pretreated cellulosic material,

contacting the liquor with feruloyl esterase to generate
a treated liquor and recycling the treated liquor so that
it is contacted with pretreated cellulosic material or
refined pretreated cellulosic material.

2. The process of claim 1, where the feruloyl esterase
comprises an amino acid sequence having at least 90%,
95%, 96%, 97%, 98%, 99% sequence identity to SEQ ID
NO: 133, SEQ ID NO: 134, SEQ ID NO: 135, SEQ ID NO:
136 or SEQ ID NO: 137, or fragments thereof with feruloyl
esterase activity.

3. The process of claim 1, wherein the feruloyl esterase
comprises or consists of SEQ ID NO: 133, SEQID NO: 134,
SEQ ID NO: 135, SEQ ID NO: 136 or SEQ ID NO: 137.

4. The process of claim 1, wherein the feruloyl esterase is
one or more enzymes selected from the group consisting of
FAE(1), FAE-A, FAE-C, and FAE-D.

5. The process of claim 1, further comprising recycling
the liquor to a new pretreatment of a pretreated cellulosic
material with the feruloyl esterase composition.

6. The process of claim 1 further comprising post-treating
the refined pretreated cellulosic material with an enzymatic
pre-treatment, chemical pre-treatment, mechanical pre-treat-
ment and/or a physical pretreatment.

7. The process of claim 1, further comprising recovering
the refined pretreated cellulosic material.

8. The process of claim 1, wherein the contacting with the
esterase is performed with about 0.0005 to about 5 mg, about
0.001 to about 5 mg, about 0.0025 to about 5 mg, about
0.005 to about 5 mg, about 0.005 to about 4.5 mg, about
0.005 to about 4 mg, about 0.005 to about 3.5 mg, about
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0.005 to about 3 mg, about 0.005 to about 2 mg, about 0.005
to about 1 mg, about 0.075 to about 1 mg, or about 0.1 to
about 1 mg of esterase per g of pretreated cellulosic material.

9. The process of claim 1, wherein the contacting with
esterase is performed with a total solids (TS) of about 1% to
about 50%, about 2% to about 40%, about 2% to about 35%,
about 3% to about 30%, about 3% to about 25%, about 4%
to about 20%, or about 5% to about 10%.

10. The process of claim 1, wherein the contacting with
esterase is performed at a pH of about 2 to about 9, about 3
to about 7.5, about 3.5 to about 7, about 4 to about 6.5, about
4.5 to about 6.5, about 4.5 to about 6.0, about 5 to about 6.0,
or about 5 to about 5.5.

11. The process of claim 1, wherein the contacting is
performed at a temperature in the range of about 20° C. to
about 70° C., about 25° C. to about 65° C., about 30° C. to
about 65° C., about 35° C. to about 65° C., about 40° C. to
about 60° C., about 45° C. to about 55° C., or about 45° C.
to about 50° C.

12. The process of claim 1, wherein the contacting with
esterase is performed for a period of time of 5 minutes to 35
hours, 10 minutes to 15 hours, 10 hours to 15 hours, 10 hours
to 20 hours, 20 hours to 24 hours, 24 hours to 30 hours, or
1 hour to 72 hours.

13. A process for enzymatic refining of a pretreated
cellulosic material, comprising:

(a) processing the pretreated cellulosic material to form a

solid/liquid mixture of pretreated cellulosic material;

(b) separating a liquor from the solid/liquid mixture of

pretreated cellulosic material; and

(c) contacting the liquor with feruloyl esterase to generate

a treated liquor.



